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SUMMARY
The Problem
In order to carry out this investigation, which was mainly 
to do with the large number of pupils finding it difficult to 
understand specific concepts in physics, it was decided to examine:
(a) the conceptual levels of the pupils; (b) the effect of different 
teaching methods; (c) the relationship between conceptual level and 
other variables. '
The Procedures
For this the investigator: (1) constructed a Paper and
Pencil Cognitive Test ’’P.I.T.” based on Piaget’s theory;
(2) constructed a Physics Test "Ph.I.T.’1; (3) constructed a
Programmed Textbook; (4) wrote a Teacher’s Guide Book for the 
discussion method of teaching; (5) constructed four Questionnaires;
(6) prepared a range of Physics Problems; (7) used the Flanders’ 
Technique to examine classroom interactions; (8) used the Test 
of Linguistic Intelligence "T.L.I." previously standardised in 
Kuwait; (9) selected a sample of 788 pupils from twelve secondary 
schools to cover the variables of sex, nationality and expected 
conceptual and attainment level; (10) trained the teachers who 
participated in the field work; (11) administered ”P.I.T.” and 
T.L.I.; (12) arranged for use of three teaching methods
(traditional, discussion, programmed learning) each for 3-4 
months, including the recording of 177 (1 hour) tapes of classes 
being tapght by both the traditional and discussion methods;
(13) readministered P.I.T.; (14) administered Ph.I.T.
The Findings
1. The pupils* conceptual levels developed gradually rather 
than abruptly.
About 45 percent of 15 year old Kuwait secondary pupils 
were still operating at the concrete level or below, in 
1977.
The correlation coefficients between conceptual level 
and both I.Q. and achievement in physics were 
significant at the 1 percent level.
Training by use of any one of the three teaching methods 
affected both the conceptual levels of the pupils and 
their achievement in physics, significantly at the 
1 percent level. But the effects of the discussion 
and programmed learning methods were similar and 
better than those of the traditional method.
There were no significant differences between boys 
and girls in regard to their conceptual levels, 
achievement in physics and I.Q.
There were significant differences between Kuwaiti 
and non-Kuwaiti pupils at the 1 percent level, in 
favour of non-Kuwaiti pupils in respect of their 
conceptual levels, achievement in physics and I.Q.
The use of a paper and pencil cognitive test was 
practical and useful.
The views and attitudes of the teachers and pupils who 
used both programmed learning and discussion methods 
were generally positive.
The Flanders’ technique indicated that teachers using 
the discussion method reduced their "talking time" 
and gave more opportunities for active participation 
to their pupils.
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GLOSSARY TO RESEARCH TERMS
First Grade in Secondary School: Is grade nine which is
for pupils aged 14-15 years. Children in Kuwait etner the 
elementary schools at 6 years old.
Younger Pupils: is used for pupils who were aged less
than 14 years. \
Average Pupils: is used for pupils who were aged between
14 and 15 years.
Older Pupils: is used for pupils who were aged more than
15 years.
Kuwaiti Pupils: these were descended from the original
Kuwaiti people.
Non-Kuwaiti Pupils: these were descended from other
nationalities who are currently living in Kuwait.
Intermediate School: this catered for grade 5 to grade 8,
or for pupils aged from 11 to 14 years.
Secondary School: this catered for grade 9 to 12, or for
pupils aged from 15 to 18 years.
Traditional Method: in this method the teacher usually
uses a text and tries to explain the teaching points in the pupil’ 
textbook, by use of the blackboard and demonstration experiments, 
together with some practical lessons.
See Piaget’s terms in Battro (1973)
Discussion Method: in this method the teacher used a
specially constructed teacher’s guide book together with the 
pupils’ normal textbook. The teacher gave pupils an assignment 
before the lesson and, at the beginning of the lesson, introduced 
a problem which all the pupils in the class tried to solve. Some 
pupils presented their ideas and all tried to participate in the 
discussion of these ideas until it was felt that the problem had 
been solved. Every session in two schools was recorded, some of 
them being observed in addition to being recorded by use of an 
observation schedule.
Programmed Learning Method: in this method the material
was prepared in the linear style. Each pupil used the programme!, 
individually. If a pupil was faced with a problem of understanding, 
he or she asked the teacher. Each pupil worked on the programme at 
his or her own pace. Because of the individual differences between
pupils, the teacher provided those pupils who finished their 
programmes early with a set of physics questions and problems.
If any topic was not generally understood, the teacher explained 
it to all the pupils at once.
The Conceptual Levels: in this presentation of Piagetian
levels, the associated ages are those derived from Piaget’s own 
work:
Level 1 : this level included the (a) sensorimotor stage
"0-2 years"; (b) preoperational stage "2-7 years".
Level 2A: is the early concrete stage "2-9 years"
Level 2A/2B: is the transition between the early concrete
and late concrete substages.
Level 2 B : is the late concrete stage "9-11 years".
Level 2B/3A: is the transition between late concrete
and early formal substages.
Level 3 A : is the early formal substage "11-13 years"
Level 3B: is the late formal substage "13 (and upwards)
years".
The Speed and Velocity Concepts: various physical concepts
were used in the materials. Two of them namely speed and velocity 
were singled out for definition here as an important aspect of 
the investigation was concerned with the difference in meaning 
between these two concepts:
Speed: is the distance covered by a moving object
per unit time.
Velocity: is speed in a certain direction
Experimental Group 1 : pupils in this group used the
discussion method.
Experimental Group 2 : pupils in this group used the
programmed learning method.
Control Group: pupils in this group used the traditional
method.
Lower Pupils I.Q.: this was used for pupils whose I.Q.
was between 60 and 89.
Middle Pupils I.Q.: this was used for pupils whose I.Q.
was between 90 and 110.
Higher Pupils I.Q.: this was used for pupils whose I.Q.
was 111 and upwards.
Total Scores of P.I.T.: is the total of the correct
responses attained by each pupil.
Weighted scores of P.I.T.: is the score which identified
the conceptual level of the pupil i.e. Level 1 = 1  score, Level 2A = 
2 scroes, etc.
Ph.I.T. (M.C.): is the abbreviation for the multiple choice
physics sub-test.
Ph.I.T. (C.) : is the abbreviation for the completion
type physics sub-test.
Ph.I.T.: is the abbreviation of the physics test which
included both the Ph.I.T. (M.C.) and the Ph.I.T. (C.).
P.I.T. (1): is the abbreviation for the Piagetian Items
Test, "First Application".
P.I.T. (2): is the abbreviation for the Piagetian Items
Test, "Second Application".
T.L.I.: is the abbreviation for Test of Linguistic
Intelligence.
W.S.: is the abbreviation for Weighted Score of the
pupil’s conceptual level.
T.S.: is the abbreviation for Total Score of the correct
responses attained by a pupil.
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1.1 KUWAIT TODAY
Kuwait is bounded in the east by the Arabian (Persian) 
Gulf, in the south west by Saudi Arabia and in the north west 
by Iraq, as shown in Figure 1-1 (Mirepoix, 1972, 4). Thus it 
is a gateway to the Arab Peninsula.
The main income of Kuwait is derived from oil which is 
being invested in the people’s prosperity and in helping other 
countries.
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FIGURE 1-1
Kuwait has a continental climate, being in the desert 
zone, so there are wide variations of temperature throughout 
the year, sparse rainful and occasional dust storms. Its area 
is about 17,656 sq. kms., and its population was 991,392 in 1975,
47.4 percent being of Kuwaiti and 52.6 percent being of non- 
Kuwaiti origin (Kuwait Ministry of Planning, 1977, Table 16).
The Government1s programme provides free education from 
kindergarten through to university level. Scholarships for study 
abroad are granted to students who demonstrate the required ability. 
The education budget has increased from 10 million Kuwaiti Dinar 
in 1960 to 83 million Kuwaiti Dinar in 1976. (Kuwait Ministry 
of Planning, 1977, 1, 11).
The educational stages in Kuwait are: kindergarten,
primary, intermediate, and secondary. After leaving school 
students can transfer to the university or to any of the higher 
education institutes (Kuwait Ministry of Education, 1976, 3).
In addition to provision for general education, there are
l
teacher training institutes (18-20 years old), institutes of 
religious studies (14-18 years old), special education institutes 
to educate the handicapped (8+ years old), technical secondary 
schools (14-18 years old) and adult education (wide range of 
age). The number of schools in 1977 was 378 with the total 
number of the pupils being 235,203 (Kuwait Ministry of Education, 
1977, 1). In all of the above stages, except the preschooling 
stage, girls and boys are placed in separate institutions.
1.2 THE IDENTIFICATION OF THE PROBLEM
Three years ago (1974/1975), after constructing new 
physics curricula for secondary schools in Kuwait, the Ministry 
of Education was faced with some problems of implementation. 
These problems were mainly to do with the large number of
pupils finding it difficult to understand specific concepts in 
physics.
Some of the educators in Kuwait were of the opinion 
that these difficulties were due to the teachers who were not 
thought to be sufficiently trained in the new curricula and 
who were using the same teaching methods as for the previous 
curricula. The majority of the teachers, on the other hand, 
thought that these difficulties were due to the newly intro­
duced concepts which were too demanding for the general level 
of pupils’ understanding.
Overall, it seemed likely that the reasons underlying 
these difficulties were that:
(a) The level of understanding of some pupils was not 
high enough to accommodate certain concepts;
(b) the teaching method which was used in Kuwait was 
inappropriate;
(c) physics teachers were not sufficiently trained in 
the new curricula.
The last reason was not examined by the investigator 
because all physics teachers in Kuwait had attended three 
training courses which concentrated upon the new concepts and 
the use of audio visual aids.
1.3 HYPOTHESES
To help solve this problem, it was proposed to investigate 
the following main hypotheses:
(1) Pupil's conceptual level was suitable for the 
prescribed levels of the physics concepts.
(2) Different teaching methods do not have any effect 
on the pupil's conceptual level.
If it was possible to determine the pupils' conceptual 
levels, use different teaching methods, assess the pupils' under­
standing of the prescribed physics concepts, and take into account 
age, I.Q., sex, nationality, then the following sub-hypotheses could 
be formulated:
(a) The pupils' conceptual levels are developed abruptly 
from one level to another.
(b) The distribution of the pupils' conceptual levels was 
similar to that described by Piaget.
(c) The pupils' conceptual levels were proportional to 
their chronological ages.
(d) The pupils' conceptual levels were proportional to 
their I.Q.'s.
(e) The pupils' conceptual levels were proportional to 
their understanding of the prescribed physics concepts.
■ i
(f) The pupils' conceptual levels were not affected by 
use of different training methods.
(g) There was no significant difference between boys 
and girls in respect of their conceptual levels, 
their understanding of the prescribed physics 
concepts and their I.Q.
There was no significant difference between Kuwaiti 
pupils and non Kuwaiti pupils in respect of their 
conceptual level, their understanding of prescribed 
physics concepts, and their I.Q.
AN OUTLINE OF PROCEDURES USED
To investigate the above hypotheses it was decided to:
Construct a paper and pencil cognitive test (to determine 
the conceptual levels of the pupils), by use of Piagetfs 
theory.
Construct a physics test (to determine the level of 
understanding of the prescribed physics concepts).
Use two teaching methods (discussion and programmed 
learning), in addition to the traditional method, 
and to study the effect on the cognitive attain­
ments levels of pupils. This involved:
(a) The construction of programmed material (for 
five physics concepts, which were prescribed 
in the new curriculum for the first secondary 
school class).
(b) The writing of a "Teacher’s Guide Book for the 
Discussion Method", (which explains to the 
teacher what is meant by the discussion 
method and which gives some suggestions
about the procedures which can be used in 
the classroom situation).
(c) The construction of four questionnaires, (with 
the aim of collecting the views and attitudes 
of teachers and pupils of the new methods).
(d) The preparation of physics problems for the 
use of those pupils who finished the whole 
programme before their colleagues in the 
classroom.
(e) The use of Flanders’ Technique in order to 
compare the verbal interaction in the 
discussion method with that in the 
traditional method.
The use of the ’’Test of Linguistic Intelligence” , which 
is standardized for Kuwait by the Psychological Service 
Department of the Ministry of Education in order to 
study the relationship between pupils’ performance 
on the test and their conceptual levels, and their 
level of understanding of particular physics concepts.
Selection of a random sample from twelve secondary 
schools (four schools for each method) in order to 
cover all the variables: the pupils’ conceptual
level, age, sex, I.Q. and nationality.
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Several theories have been developed to explain the 
cognitive development of children. One of these is that of 
Jean Piaget. His work and that of his associates, on the growth 
of intellectual functioning of children, adolescents and adults, 
has become of late a topic of considerable interest to educators, 
to designers of curricula in general, and to science teachers and 
the designers of science curricula in particular.
In attempting to evaluate his contribution, there are on 
the one hand statements like: "Piaget attempted to define stages
of conceptual development and to assign approximate ages to them 
for various concepts... But a number of British and American psycholc 
gists were extremely critical of his conclusions", (Beard, 1959/1960, 
162), and on the other hand, "to date, in the field of developmental 
psychology, there exists a no more significant theory, both for the 
understanding of the thought processes, and for applications to 
classroom teaching, than that of Jean Piaget", (Gorman, 1972, 108). 
His impact has been broad despite its controversially.
2.1. PIAGET'S BACKGROUND AND THE MENTAL STAGES
Piaget was born in Neuchatel (Switzerland) on the 9th August 
1896. He published the first article (about sea shells) when he 
was 10 years old (Hall, 1970, 25-26). His personal higher 
education was mainly in the fields of biology and philosophy.
He published many studies on molluscs, which were useful in 
his subsequent psychological investigations as they developed 
in him the habit of thinking in terms of adaption to the 
environment. Although he wanted to study biology, he was 
also interested in the problems of objective knowledge of 
epistemology.
He studied the development of cognitive functions in 
children, in order to satisfy these two interests. He considered
development as a form of mental embryogenesis and constructed a 
biological theory of knowledge. He observed his own three 
children daily and through them studied the formation of that 
intelligence and thought which depended on sensory-motor action.
He realized the importance for the construction of mental structures 
of continual activities around the child. Piaget postulated that 
the central mechanism of intelligence is in the construction of 
operations from the general coordination of action. These 
operations are coordinated in wholistic structures. The 
operational structures are characterized by the formation 
of the conservation concept. The beginning of conservation 
can be observed between 4-6 years of age at the preoperational 
stage.
Piaget was interested in epistemology, in other words how 
knowledge comes about. He tried to explain knowledge through its 
formation and its development (Furth, 1969, 253-255). Piaget 
realized that "the problems in philosophy were problems of 
knowledge, and that most problems of knowledge were problems 
of biology... so the problem of knowledge is the problem of the 
relation between the subject and the object - how the subject 
knows the object. If you translate this into biological terms, 
it is a problem of the organism's adaption to its environment"
(Hall, 1970, 25); so "each subject is the product of inter­
action between heredity and environment" (Hall, 1970, 32).
Piaget adds (1964, 176, 177) that "to know an object is to 
act on it. To know is to modify, to transform the object, 
and to understand the process of his transformation, and as 
a consequence, to understand the way the object is constructed.
An operation is thus the essence of knowledge; it is an 
interiorized action which modifies the object of knowledge.
For instance an operation would consist of joining objects 
in a class to construct a classification, or would consist 
of ordering, or putting things into a series, or might consist 
of counting, or of measuring. In other words, it is a set of 
actions modifying the object, and enabling the knower to get
at the structures of the transformation. But, in addition, an 
operation is a reversible action; that is, it can take place 
in both directions, for instance, adding or subtracting, joining 
or separating. So it is a particular type of action which makes 
up logical structures. Above all, an operation is never isolated. 
It is always linked to other operations, and as a result it is 
always a part of a total structure". These operational structures 
are what seem to Piaget to constitute the basis of knowledge.
2.1.1 Factors Affecting the Operational Structures
The operational structures are affected by four main factors 
(Piaget, 1961, 277-281; 1964, 178-181; 1971, 7):
(a) Maturation: This concerns the interior maturation of 
the nervous system. But maturation does not explain 
everything, because the average age at which these 
stages appear varies a great deal from one society to 
another. The ordering of these stages is constant
and has been found in all studies of various societies.
(b) Experience: Experience of objects, of physical reality, 
is a basic factor in the development of cognitive 
structures. There are two kinds of experience which 
are psychologically very different and this difference 
is very important from the pedagogical point of view:
1. Physical experience: which consists of acting upon 
objects and drawing some knowledge about the objects by 
abstraction from the object.
2. Logical mathematical experience: where the knowledge 
is not drawn from the objects, but it is drawn from the 
actions undertaken upon the objects. Logical mathematical
experience is the experience produced by the actions of 
the subject, and not directly an experience of objects 
themselves. It is an experience which is necessary 
before there can be operations. Once the operations 
have been attained this experience is no longer needed 
and the coordinations of action can take place, by 
themselves, in the form of deduction and the 
construction of abstract structures.
(c) Social transmission: educative and social transmission
(linguistic, etc.), plays an evident role in the formation 
of dynamic structures, but this factor does not suffice 
either to entirely explain its development for two reasons: 
first, a certain number of structures do not lend themselves 
to teaching and are formed prior to all teaching. One
can cite, as an example, concepts of conservation, of 
which most pedagogues agree are not problematic to 
children. The second, more fundamental, reason is 
that in order to understand the adult and his language, 
the child needs the means of assimilation which are 
formed through structures in advance of the social 
transmission itself. In other words, the child can 
receive valuable information via language, or via 
education directed by an adult, only if he is in a 
state where he can understand that information. That 
is, to receive the information he must have a structure 
which enables him to assimilate the information. This 
is why it is very difficult to teach higher mathematics 
to a five year old. The structures which enable under­
standing are not yet present,
(d) Equilibration: Piaget considered this factor to be 
fundamental. Since there are already three factors, 
they must somehow be equilibrated amongst themselves.
That is, in the act of knowing, the subject is active, 
and consequently when faced with an external disturbance
will react in order to compensate and consequently 
tend towards equilibrium. In other words, if the 
development depends on one hand on internal factors 
(maturation), and on the other hand on external factors 
(experience or social transmission), it is self-evident 
that these internal and external factors must equilibrate 
each other. The question now is to know if we are dealing 
here only with a momentary compromise (unstable equilibrium) 
or if, on the contrary, this equilibrium becomes more and 
more stable. All exchange (mental as well as biological) 
between the organism and the milieu (the experiential 
and the social environment) is composed of assimilation 
of the given external to the previous by extent internal 
structures, and accommodation of these new structures 
into the given ones.
In figure 2-1 it can be seen that the process of intellectual 
development results from interaction between an individual organism 
(by maturation) and its environment (by social transmission and 
experience) by adaptation operations. Just as a biological 
organism adapts itself (the structure exists) to changes in 
its environment the equilibration occurs and the mind assimilates 
new perceptual matter into existing cognitive structures. As a 
result of this assimilation process, the intellect undergoes a 
change; that is, in order to accommodate previously unknown 
stimuli, the mind either creates new structures or modifies 
existing ones. As a result of this change, the intellect 
becomes able to assimilate more and consequently the conceptual 
level is raised (Kolodiy, 1975, 20).
Thus equilibration can be defined as active compensation, 
which leads to reversibility. Operational reversibility is a 
model of an equilibrated system where a transformation in one 
direction is compensated by a transformation in the other 
direction. Thus, equilibration is an active process. It 
is a process of self-regulation. This self-regulation is a 
fundamental factor in cognitive development.
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The process of equilibration takes the form of a succession 
of levels of quilibrium which have a certain probability. That is, 
it is not possible to reach the secbnd level unless equilibrium has 
been reached at the first level, and the equilibrium at the third 
level only becomes possible when the equilibrium of the second 
level has been reached, and so forth. Each level is determined 
as the most probable given that the proceeding level has been 
reached. It is not the most probable at the beginning, but it 
is the most probable once the proceeding level has been reached.
2.1.2 The Mental Stages and Chronological Age
Piaget considers that the operational structures go through 
main developmental stages related to approximate averages of 
chronological age. The number and the order of these stages 
differs from one book (or article) to another. But if the 
operational system is taken into account the stages can be 
arranged as follows: (Inhelder and Piaget, 1958) (Modgil, N
1974, 8-12) (Williams, 1974, 83-88)
I. Sensori-motor and pre-operational stages:
(1) Sensori-motor stage (0-2 years) : This stage is
characterized by development from a state of reflex
activity to an organized sensori-motor action system 
which permits increasing mastery of objects in the 
environment.
(2) Pre-operational stage (2-7 years) : This stage can be 
divided into two further stages, namely the pre-conceptual 
stage (2-4 years), which is characterized by symbolic 
activity, and the stage of intuitive thinking (4-7 years), 
which is characterized by intuitive use of concepts.
II. Concrete operations stage (7-11 or 12 years):
This stage is characterized by mobile and systematic thought 
which organizes and classifies information. Thought is 
no longer centred on a particular state of an object.
It can follow successive changes through various types 
of detours and reversals, but because the operations 
are tied to action they are concrete rather than 
abstract. The attainment of the act of reversibility 
is the main feature in the development of the child’s 
transition from pre-operational to concrete operational 
thought.
III. Formal operations stage (11 or 12 to 15 or 16 years and 
upwards)
This stage is characterized by the capability of reasoning, 
not only on the basis of objects, but also on the basis of 
hypotheses and the ability to perform operations on 
operations, in a systematic manner. The formation 
of hypotheses and of deducing possible consequences 
from them, leads to a hypothetico-deductive level of 
thought which expresses itself in linguistic formulations 
of propositions and logical construction.
These stages of cognitive development of the child progress 
from one stage to the other by the construction of new operational 
structures. But it must be remembered here that "the maturation 
of the nervous system can do no more than determine the totality 
of possibilities and impossibilities at a given stage, A  
particular social environment remains indispensable for the 
realization of these possibilities. It follows that their 
realization can be accelerated or retarded to some extent 
as a function of cultural and educational conditions. This
is why the growth of formal thinking as well as the age at which 
adolescence itself occurs, i.e. the age which the individual 
starts to assume adult roles remain dependent on social as much 
as, and more than, on neurological factors (Inhelder and Piaget, 
1966, 337); and "all normal subjects attain the stage of formal 
operation or structuring if not between 11-12 to 14-15 years, in 
any case between 15 and 20 years. However, they reach this stage 
in different areas according to their aptitudes and their 
professional specializations: the way in which these formal
structures are used, however, is not necessarily the same in 
all cases" (Piaget, 1972, 9-10).
Many research workers and educators have tried to explain 
Piaget’s cognitive development theory in general, and the mental 
stages in particular. Kofsky (1966, 191) has stated that "one 
ofthe fundamental assumptions of Piaget’s theory of cognitive 
growth is that there is a fixed order in which concepts are 
acquired which is determined by the child’s increasing ability 
to use complex logical operations” . Flavell (1963, 415) says 
that "Piaget hit upon the idea that a wide variety of cognitive 
areas - number, quantity, time, etc. - are in certain crucial 
respects mastered according to a common procedure". This means 
that concepts are developed gradually in a fix order, and the 
chronological age at which a particular concept has attained, 
varies according to place, person, and the society (Harlen,
1968, 5) (Lawson and Renner, 1974, 546) (Flavell, 1963, 264) 
(Pratoomraj and Johnson, 1966, 343) (Tuddenham, 1970, 63) 
(Brainerd, 1972, 115).
2.1.3 Findings on Piaget’s theory
Some research workers have produced findings which are identical 
with Piaget’s notions, whilst others have findings that do not agree 
with Piaget’s theory. .Thus reports that support Piaget’s ideas are 
as follows:
The development of logical thinking described by Piaget, 
was confirmed by Lovell and Slater (1960, 190), Lovell and Ogilvie 
(1960, 109), Lovell (1961, 149), Lovell, Kellett and Moorhouse 
(1962, 101), Jackson (1965, 258), Somerville (1974, 266), Hughes 
(1965, 105) and Dennis (1942, 320).
The sequential intellectual development was found by 
Uzgiris (1964, 839) and the results of Beard (1963, 116),
Robertson and Richardson (1975, 324), in general, support the 
sequential attainment of conservation of quantities. Also 
Pratoomraj and Johnson (1966, 351), Elkind (1961, 555; 1962,
627) found that their results agreed with Piaget’s findings 
that children demonstrate the concept of conservation more 
frequently as age increases. Anooshian and Carlson (1973, 389) 
found that some conservation tasks correlated significantly with 
chronological age (r = 0.26-0.50). Older subjects tended to 
learn concepts better than younger subjects (Goldschmid, 1967, 
1238) (Brainerd, 1971, 469) (Gandia, 1972, 158) (Dale, 1970,
280) (Elkind, 1962, 627; 1961, 559) (Beard, 1963a, 237) (Grass, 
1972, 1537A), but the differences tend to be between blocks of 
ages rather than differences between one-year groups (Case and 
Collinson, 1962, 109). Some research workers have found that 
the ability to solve scientific problems or to form concepts 
depends more on mental age than on chronological age, contrary 
to what Piaget usually implies in his discussion of stages 
(Beard, 1960, 12) (Mealings, 1963, 204) (Goodnow and Bethon,
1966, 578) (Carpenter, 1955, 149).
On the other hand, some reports do not support Piaget such 
as Lovell and Ogilvie (1961, 138) and also McNeil (Bruner et al,
1967, 530) who has stated that "a number of experiments, mostly 
performed with children of six to twelve years, show that older 
children’s performance was poorer on certain tasks than those 
of younger children". Cleminson (1970/1971, 4575A) found very 
low correlation (0.13) between the chronological ages and 
Piagetiantask scores. Lovell (1974a, 216) has stated that
recent studies have suggested that formal operational thought 
may be more frequently found in the general population than 
Piaget supposed. Kavanagh (1972/1973, 6746A) found that "the 
average age of formal operational development... as measured 
by Piagetian tasks of the speed concept, was found to be greater 
than that of the 10 to 13 years proposed by Piaget” . On this 
particular point Lawson and Renner (1974, 547) have said that 
"a number of studies conducted in this country (U.S.A.) suggested 
that formal thinking may develop at an older age than Piaget has 
reported for his subjects, or it may not develop at all” .
Piaget was criticized by many American psychologists and 
educators about his designation of concrete and formal stages of 
cognitive development. They argue that the transition between 
these stages occurs gradually rather than abruptly (Ausubel, 1964, 
262). Also Dale (1970, 285) found that ”the investigation produced 
no evidence for sharp transition from concrete to formal thinking 
at age 11-12 years". Kofsky (1966, 202) has stated at this point 
that "it is debatable whether development is so abrupt” .
2.1.4 The distribution of Piagetian Stages as found/deduced by 
some Research Workers/Writers
Piaget has stated that "all normal subjects attain the stage 
of formal operation or structuring if not between 11-12 to 14-15 
years, in any case between 15 and 20 years" (Piaget, 1972, 9).
The findings of many research workers have given different 
percentages of the subjects at each level at a certain age.
In Table (2-1), it is seen that most of the subjects 
aged 12+ still operating at concrete operational levels. The 
age of the subjects of this research in Kuwait was about 14-15 
years, so according to Piaget’s stages theory, it was interesting 
to see if the distribution percentages of the conceptual levels
TABLE 2-1
The Distribution of Piagetian Stages as Found/Deduced by Some
Research Workers/Writers
Researcher/s 
or Writer/s
Age
(years)
Reference
Findings %
Concrete Formal
Early Late EarJLy Late
Nordland et al 11.7 - 14.4 1974, 573 83.4 15.6
Nordland et al 13.6 - 20.0 1974, 574 85.8 13.2
McNally 11(6th grade) 1974, 139 - 16 4.0
McNally 14-15 (2nd Form) 1970, 132 large ■ -
Chiappetta 1'4+ 1976, 254 85.0 15.0
Lawson High School 1974a,
ED 089964
most -
Lawson & 
Renner
11.3 - 18.3
(7th-12th
grade)
1974, 549 83, 77, 82, 
73, 71, 66, 
respec.
17, 23, 18, 
27, 29, 34, 
respec.
Lawson & 
Blake
14.6 - 17.8 1976, 230 2 45 50 3
Lawson & 
Renner
High School B* 
C 
P
All sample
1975a
351-55
29.5 35.3
4.0 18.0
3.0 33.0
35.2
78.0
63.0
4.8
Renner & 
Stafford
12-14
15-17
1972,
291-6
77 13 
66 17
6
14
Kolodiy Adolescents 1975a,805A majority -
Kolodiy High School 
College 
Freshman 
College 
Seniors
1975, 21 15
8
8
50 35
66 32 
28 64
Kohlberg & 
Gilligan
10-15
16-20
1971, 1065 55
47
45
53
McClenahan Secondary
School
1975, 686A all low 
achievers 
in Maths
-
Dale 15 1970, 284 - 25
Hughes 11-15 1965, 107 - 10
McKinnon & 
Renner
College
Freshman
1971, 1048
i
50 25 I 25
Grant & Renner 15 1975, 285 6 46 J 28 20
*B. Biology C. Chemistry P. Physics
were as described by Piaget or as found by other research workers.
So after this brief exposition, it can be seen that the 
child at any point of chronological age has a specific mental 
structure, which is the product of interaction between hereditary 
(interior maturation) and environment (experience and social 
transmission). These mental structures go through the main 
stages which have been mentioned. The child progresses from 
one stage to the other by constructing new operational structures. 
Piaget considered that normal children attain all the stages one 
by one and finally arrive at the formal stage, but this progress 
differs from one society to another and from one school subject 
to another because hereditary and environment factors produce 
different effects. In a particular social environment develop­
ment can be accelerated or retarded as a function of cultural 
and educational conditions, and the individual reaches any stage 
in different areas according to his aptitudes and his 
professional specializations. In all societies and cases, 
if the chronological age is variant, the order of the stages 
is still invariant.
In the light of previous findings, it is seen that some 
research workers confirmed the cognitive development theory 
described by Piaget, while others rejected his theory partly 
or completely.
The investigation reported here was concerned with the 
first grade in Kuwait secondary schools. The age of these 
children was about 14-15 years. According to Piaget's stages 
theory, it was interesting to see if the subjects mastered the 
speed concept in a common procedure and attained the conceptual 
levels gradually in a fixed order, proportional to chronological 
age, and if the transitions between all stages occurred abruptly 
or not, and if the distribution percentages of the conceptual 
levels was as described by Piaget or as found by other research 
workers.
One of the purposes behind this research was to determine 
the conceptual levels of the pupils in the first grade of 
secondary schools and to compare them with the conceptual 
levels found by research workers in other countries. So if 
we have normal pupils and a suitable environment, we would 
expect all to have entered the formal stage.
2.2 THE TRAINING EFFECT OF THREE TEACHING METHODS
IS it passible to accelerate the acquisition of intellectual 
structures by u^ing different teaching methods? Piaget considers 
thatthe stimulus-response approach is incapable of explaining 
cognitive learning. "A stimulus is a-stimulus only to the 
extent that it is significant, and it becomes significant 
only to the extent that there is a, structure which permits 
its assimilation, a structure which can integrate this stimulus 
but which at the same time sets off the response... Once there 
is a structure, the stimulus will set off a response, but only, 
by the intermediary of this structure" (Piaget, 1964, 182)
(Renner et al, 1976, 10). So the mental structure of the learner 
is very important, because it enables to assimilate any informa­
tion at a given level. But is it possible to promote the 
learner's level? Piaget (Hall, 1970, 30-31) was asked if it 
was possible to speed up the learning of the conservation 
concept. He replied that acceleration was possible, but 
first it must be discovered whether it was desirable or 
harmful. It seems sensible to think deeply before deciding 
to accelerate conservation, for to accelerate blindly might 
be worse than doing nothing.
Piaget (1964a, 17-18) (Modgil, 1974, 77-78) has discussed 
three criteria as being vital in ascertaining whether a research
worker has succeeded in teaching structures. The first is the 
durability of learning ; what remains two weeks or a month later? 
Secondly, how much generalization is possible? What makes learning 
interesting is the possibility of transfer of generalization. The 
third is the difference between the operational level of the subject 
before and after learning.
In the study of the effect of training on cognitive develop­
ment level a variety of conclusions have been reached (see Table 2-2). 
The acceleration or retardation of a cognitive structure raises one 
problem, which needs more study. Some research workers have found 
strong evidence that teaching by one or other method assists 
concept formation and cognitive development. The children who 
benefit most are those in the closest sub-stages to the demand 
levels of the concepts being taught. The effect of training 
over short or long periods of time has not been satisfactorily 
investigated. It has been found that subjects who acquired 
the notion of conservation in the normal way do not lose it 
after several months, while others lose it because it was 
merely memorized. Some subjects have been accelerated, while 
others have not. Some results indicate that the Piagetian 
concept of conservation is not induced by the training techniques, 
regardless of the population. In general, most supporters of 
Piaget think that it is possible to accelerate concept acquisition, 
but that it is impossible to make a quick and extensive change.
The findings of the first pilot study which was conducted 
in Kuwait in April 1976, indicated that a high percentage of 
pupils aged 13-14 years were responding at a concrete or below 
level. In addition to the main purpose of this investigation 
i.e. to know if different teaching methods had different 
effects on the conceptual levels of subjects, it was 
thought interesting to find if it is possible to promote 
the existing levels of the subjects over a 3-4 month period 
by using three different teaching methods: traditional,
discussion and programmed learning (see glossary).
TABLE 2-2
Research Workers' Findings on The Training Effect
Research
Worker
Reference
The Findings
Training did:
Harlen 1968, 12 * aid concept formation
Lovell 1976, 143 * improve performance
Brainerd & 
Allen
1971a, 139, 
141
* accelerate the conservation of the first 
order quantitative invariants
Sigel et al 1966, 301 * have a clearly significant effect
Beilin et al 1966, 317, 
325
* have a significant effect
Lawson et al 1975, 395 * lead to improvement, but transfer is 
seldom obtained
Kingsley & 
Hall
1967, 1111 * have highly significant effects
Siegel & 
Raven
1971, 377 * have a significant effect
Smith 1968, 524 * have a significant effect, by Beilin's method
Hagen 1969/1970
1888A
* accelerate the development of cognitive 
structures, by programmed learning
Engelmann 1968,ED014
428
* accelerate conservation
Rothenberg 
& Orost
1969, 725 * aid the attainment of conservation
Palmer 1965, 324-25 * accelerate the rate of cognitive level
Sweetland 1969, 2624B * lead to the learning of conservation
Lovell 1973, 26 * transform one state to another, if
improved motivation and well-structured 
teaching situations were achieved
Siegler 
et al
1973, 97 * have an effect if the conceptual framework 
was absent
Overbeck & 
Schwartz
1970, 253 * lead to the learning of the principle of 
conservation
TABLE 2-2 (Cont'd)
Research Workers1 Findings on The Training Effect
Research
Worker
Reference
The Findings
Training did:
Beilin 1965, 336 * lead to improved performance
Case & Fry 1973, 135 * have significant effect
Brainerd 1974, 324, 
333
* aid the attainment of conservation
McKinnon 1971, 1047 * aid cognitive development
McNally 1974, 137-8 * aid the development of conservation, 
especially in subjects who were in a 
transitional stage
Ausubel 1964, 264 * accelerate intellectual achievement, but 
within limits imposed by the present 
stage
Bass & 
Montague
1972, 512 * improve the level of most students, but 
by not more than one substage
Lawson & 
Wollman
1976, 414-22 * have a significant effect
Bredderman 1973, 189 * accelerate the ability to control 
variables, but some children were not 
affected
Wohlwill & 
Lowe
1962, 166 * not have a significant effect
Mermelslein 
& Meyer
1969, 471 * not have a significant effect regardless 
of the training techniques or population
Gruen 1965, 977 * not have* much effect
Smedslund 1961, 71 * not have a significant effect
Flavell 1963, 377 * not produce much cognitive change
Zimiles 1963, 695 * not develop conservation in a short 
period of time
Brison 1966, 320 * accelerate the concept of conservation 
of substance
TABLE 2-2 (Cont’d)
Research Workers’ Findings on The Training Effect
Research
Worker
Reference
The Findings
Training did:
Renner & 
Lawson
1975, 91 * promote the development of formal 
thinking abilities by confronting 
students with concrete materials and 
problems
Arons 1976, 834 * assist the attainment of the formal level 
on the part of students who were initially 
at a concrete or transitional stage
Bearison 1969, 660 * accelerate the acquisition of conservation 
which generalized to six different 
conservation properties and were 
maintained over a period of 7 months
Anderson 1965, 291 * improve the performance of the trained 
group in solving more problems with fewer 
unnecessary trials
2.3 PIAGETIAN CLINICAL METHOD
Piaget used, in all of his investigations, what he called 
a "clinical method" or "conversation-interview method". In this 
method Piaget interviews the subject individually, introducing 
one or more experiments, and asks a sequence of specific questions, 
whilst altering the experimental variables. The clinical method 
is "a technique for analyzing the qualities of thought processes 
that involves both a question or problem to be solved by the 
subject and some discussion with him regarding the process 
and reasoning involved in the solution" (Gorman, 1972, 111).
Piaget devised this method "to distinguish normal from abnormal 
children. Then he went on to work with normal children" (Hall, 
1970, 28). Piaget feels that "the essence of the clinical 
method is... to separate the wheat from tares and to keep 
every answer in its context" (Piaget, 1964b, 9). When Piaget 
was asked why he did not try to construct a standardized test, 
he said: "Standardization was not at all interesting; I
preferred to study the errors on the test. I became interested 
in the reasoning process behind the children’s wrong answers" 
(Hall, 1970, 27). He believed that the usual tests falsify 
results because they upset the orientation in the child’s 
mind" (Russell, 1965, 156-7).
The clinical method is often criticized for changing 
the experimental procedures between subjects and for variations 
in question phrasing (Partoomraj and Johnson, 1966, 345) 
(Mermelstein and Shulman, 1967, 50), while the result may 
be especially susceptible to experimental effect (or Rosenthal 
Effect) (Phillips, 1975, 3-4). Some or all of these affect the 
child’s reaction (Fogelman, 1969, 40), and make it extremely 
difficult to make comparisons based on a particular study 
(Goldsehmid and Bentler, 1968, 787). In addition, Piaget 
deduced some results and hypotheses by observing a small 
number of children from one background rather than a larger 
number from different backgrounds (Shayer, 1970, 182) (Russell,
1965, 161). Moreover, Ward considers that "the experimental 
situations used by Inhelder and Piaget were too cumbersome and 
time-consuming" (Ward, 1972, 268).
It seems necessary that in order to construct or to develop 
curricula, one should study subjects of a wide variety of ability 
from different backgrounds. This involves using a large number 
of subjects. The clinical method does not meet this purpose 
easily, so it seemed sensible to attempt to devise and use a 
paper and pencil test, and some research workers have already 
obtained encouraging results with this approach (see section 2.4, 
The Paper and Pencil Method).
2.4 THE PAPER AND PENCIL METHOD AND THE PIAGETIAN ITEMS TEST "P.I.T."
Many research workers consider that Piaget’s approach in 
determining cognitive developmental levels is most promising, 
because of its potential usefulness in improving the educational 
system. If one could determine the performance levels of 
particular populations and arrange specific concepts which 
correspond to these levels, then it will be easier to implement 
new curricula. It will also be possible to let teachers know 
what the progress in their pupils thinking is, so they can 
organize suitable remedial materials where needed. This will 
"aid the teacher in deciding what concepts a child should be 
introduced to" (Fogelman, 1969, 36). This ought to make children 
feel that they are learning something meaningful to them (Brady,
1970, 765).
One way of meeting this demand is to make use of the fact 
that some"studies have shown that group paper and pencil tests 
can produce results that are comparable to Piaget’s findings"
(Raven, 1973, 377). On the other hand, some research workers
consider that individual interviews do provide an opportunity to 
see how the student is thinking, for which paper and pencil tests 
provide little opportunity (Herron, 1977, 21). But Espejo and 
Good (1975, 155) have stated that "Intellectual factors in the 
structure-of-intellect model can be predicted, identified, and 
assessed by using interview tasks and techniques derived from 
the work of Piaget". A  group test was designed by Dodwell to 
measure children’s understanding of the number concept and he 
found that the scores correlate quite highly with scores on the 
individual interview test (Dodwell, 1961, 36). Tisher devised 
a paper and pencil questionnaire designed to determine the 
development of formal operations with Australian children aged 
12-16.75 years. He found, in comparison with Piaget’s clinical 
approach, that the agreement was 77% in classification between 
the conversation interview and questionnaire techniques. It 
seems from the Tisher study that paper and pencil tests can 
be used with advantage (Tisher, 1971, 1634, 1636). The Tisher 
questionnaire was used by Field and Cropley (1969, 10) to study 
the relationship between mental operations and science achieve­
ment. They found that science achievement was significantly 
related to the level of mental operation, as defined by Tisher’s 
questionnaire. Group tests were used by Nitta and Nagano (1967, 
21), Goldschmid and Bentler (1968, 788) and by Peel (1966, 78-80) 
in order to determine the conceptual levels of the subjects by 
providing easy administration and content which would be 
interesting to the children. McNally (1970, 126-8) has 
applied Peel’s technique and found that the characteristics 
of the intuitive, concrete and formal stages were seen to be 
similar to those noted by Piaget.
In Table 2-3 it can be seen that other research workers 
have tried to derive a group mental test in order to determine 
the conceptual levels of children or to compare their performance 
on a group test with the individual interview performance. In 
general, the findings encouraged the use of a paper and pencil
TABLE 2-3
Research Workers1 Findings by Use of a Group Mental Test
Research
Worker
Reference Purpose Findings
Pinard & 
Laurendeau
1964, 255-9 to determine the stage 
of mental development 
in a group situation 
by using a mental 
scale
the proposed scale 
will offer inexhaus­
tible opportunities 
for research and 
could be extremely 
useful for specialists 
in education
Dudek et al 1969, 352-62 to study the relation­
ship between Piaget 
measures and intelli­
gence by using the 
Pinard and Laurendeau 
mental scale
high correlation in 
addition to time 
saving
Freyberg 1966, 165-7 construction of an 
objective test, 
depending on Piaget 
theory
concept development 
is more closely 
related to the growth 
of general intellec­
tual ability than 
just to chronological 
age
Burgess 1969
Summary
devised a group test 
which consisted of 
concrete and formal 
material
with some reservations 
the test appeared to 
be a practical method 
of gaining such 
information
Phillips 1969, 7 administered Piaget 
type tasks as a 
classroom presenta­
tion
a considerable agree­
ment between individual 
and group responses
Karplus & 
Peterson
1970, 813 to study the differ­
ences between 
individual inter­
views and group 
written situations
no substantial 
differences
Karplus & 
Karplus
1970, 399- 
400
administered a group 
mental test, the 
subjects responses 
were written after 
the experimentor 
explained each 
problem orally with 
the aid of a black­
board map
the group administra­
tion was useful, but 
some responses were 
very brief and 
therefore ambiguous
TABLE 2-3 (Cont'd)
Research Workers1 Findings by Use of a Group Mental Test
Research
Worker
Reference Purpose Findings
Tuddenham
Tuddenham
1970, 69
1971, 74
constructed a stand­
ardized test derived 
from 25 tasks des­
cribed by Piaget to 
assess the cognitive 
structures
it is possible to use 
this test to assess 
the cognitive 
structures with 
confidence and to 
compare it with age, 
sex and social class 
in addition to time 
saving
Bart 1972, 663 constructed paper and 
pencil tests to assess 
formal operational 
thought
these tests could be 
used to classify 
formal subjects from 
others
Wells 1972, 212 presented a group test 
to study the relation­
ship with mental or 
chronological age
high correlation with 
mental age more than 
with chronological 
age
Wollman & 
Karplus
1974, 594 to correlate a group 
paper and pencil test 
with an individual 
interview
paper and pencil 
could lead to errors, 
but the correlations 
were substantially 
similar and the group 
approach did not reduce 
the reliability of the 
data seriously
Rowell & 
Hoffmann
1975, 162-3 translated two Piaget 
type problems into 
forms suitable for 
administration to 
groups
it is possible to 
translate into group 
f orm, admini s ter, 
assess rapidly and 
with considerable 
reliability
Shayer & 
Wharry 
Shayer 
Shayer et al 
Shayer
1974, 448
1976, 571 
1976, 164 
1978, 115, 
128
to derive a group 
test (class tasks) 
from clinical 
situations described 
by Piaget, in order 
to analyse science 
curricula in a 
short time
this test requires 
reading ability, visual 
imagery recall and 
thought processes and 
writing ability. It 
is important to 
minimize possible 
additional effects in 
order to help matching 
the pupils1 conceptual 
level and prescribe 
courses
TABLE 2-3 (Cont’d)
Research Workers’ Findings by Use of a Group Mental Test
Research
Worker
Reference Purpose Findings
Renner 1977, 5, 110 to predict the level 
of intellectual 
development by using 
a written material
high correlation 
between individual 
interviews and a group 
of written problems
Russell 1962, 33, 39
\'
to develop a reliable 
objective group test 
of reasoning ability 
derived from Piaget’s 
tasks
this test may lead 
eventually to some 
answers to basic 
learning theory and 
curriculum problems
Karplus etal 1975, 1 to construct a group 
test derived from 
Piaget’s tasks in 
order to administer 
it in several 
countries
written responses to 
a group test do not 
provide the same depth 
of information as 
clinical interviews, 
but have advantages. 
Such tests permit 
rapid surveys of large 
numbers of subjects 
and pupils are more 
familiar with it than 
the clinical interview. 
Also it may help a 
teacher to diagnose 
learning problems
method to determine the conceptual levels of subjects. In this 
research approach it would be practical to administer tests to 
a large number of subjects from different backgrounds by saving 
much time and effort as compared with the clinical approach.
But it is necessary to take care to reduce possible additional 
to alternative effects.
The investigation reported here was concerned with the 
construction of a paper and pencil test to use in group situations. 
This test was derived directly from Piaget’s tasks on the speed 
concept and, after standardization, called the Piagetian Items 
Test "P.I.T.” (see Chapter 3)
2.5 THE RELATIONSHIP BETWEEN COGNITIVE DEVELOPMENT LEVEL AND I.Q.
Piaget’s research has been criticized for a lack of attention 
to differences in I.Q. and, particularly to differences in the verbal 
facility in his subjects (Flavell, 1963, 16). The verbal ease of 
a child may influence both his comprehension of the experimenter’s 
question and adequacy of his response (Goldschmid, 1967, 1234).
Piaget presented some definitions of intelligence. These 
definitions reflected Piaget’s biological orientation (Ginsburg 
and Opper, 1969, 14). For example, "intelligence is a particular 
instance of biological adaptation" (Piaget, 1970a, 3-4), or 
"intelligence is the form of equilibrium toward which all the 
structures ... tend" (Piaget, 1967, 6), or "intelligence is 
essentially a system of living and acting operations" (Piaget,
1967, 7).
The relaitonship found between the conceptual level of a 
subject and I.Q. varies from one research to another. In Table 2-4 
it can be seen that Cleminson (1970/1971, 4575A) and Nicholson
TABLE 2-4
Research Findings of Correlation Between Conceptual Level and Intelligence 
"All were Studies of Piagetian Conservation"
Research
Worker
Reference Findings
Cleminson 1970/1971, 4575A Low correlation coeff.(0.32)
Elkind 1961, 559 Sig. correlation at 1% (0.31)
Kavanagh 1972/1973, 6746A Sig. correlation
Gaudia 1972, 158 Sig. correlation at 1% (0.47)
Nicholson 1966/1967, 1267A Positive correlation
Ball 1972, 1069A Sig. correlation
Feigenbaum 1963, 431 Sig. relationship at 1% o r 5%
Dodwell 1961, 34 Sig. correlation at 1% (0.38)
Goldschmid 1967, 1236, 1238 Sig. correlation at 1% or 5%
Anooshian & 
Carlson
1973, 389 Positive low correlation 
coeff., some significant 
at 1% or 5% level
(1966/1967, 1267A) found low but positive correlation between the 
performance levels of children on Piaget’s tasks and their I.Q.’s, 
while other research workers (Elkind, 1961, 559) (Kavanagh, 1972/ 
1973, 6746A) (Gaudia, 1972, 158) (Ball, 1972, 1069A) (Feigenbaum, 
1963, 431) (Dodwell, 1961, 34) (Goldschmid, 1967, 1236, 1238) and 
Anooshian and Carlson (1973, 389), have found more significant 
correlations.
The investigation reported here was concerned to study 
the correlation between conceptual level (determined by the 
weighted or total scores on P.I.T.) and I.Q. - as measured by 
T.L.I. which was standardized in Kuwait (see Chapter 3).
2.6 THE RELATIONSHIP BETWEEN COGNITIVE DEVELOPMENTAL LEVEL
AND THE SEX
Piaget and other research workers do not state whether 
there are significant differences between boys and girls in 
acquiring operational structures, and attaining a particular 
mental stage (Goldschmid, 1967, 1239). The experimental 
observation of no significant difference in this respect 
between the sexes has been reported in several findings, as 
shown in Table 2-5. On the other hand, significant differences 
between the sexes has been reported in several other findings 
in favour of boys in most cases, as shown in Table 2-6. From 
a review of research, it is seen that the majority of the results 
showed that there are no significant differences between the sexes 
while some results indicate that there are.
The social situation in Kuwait differs widely from that 
existing in other countries in the world, especially Europe and 
U.S.A. In Kuwait, all girls and boys - except preschooling stage - 
are placed in separate institutions, females usually return to
TABLE 2-5
Sex Differences and Conceptual Level
Research
Worker
Reference Field of Study Finding
Kavanagh 1972/1973, 
6 7 46A
The Piagetian Speed Concept No Sig. Diff.
McLeod 1971/1972
1359A
The Teaching of Concepts No Sig. Diff.
Leitch 1972/1973
3464A
The Use of Comparative 
Teaching Methods
No Sig. Diff.
Brady 1972/1973
4196A
The Teaching of Concepts No Sig. Diff.
Leon 1974, ED 
091145
The Piagetian Conservation No Correl.
Scriven 1967/1968
132A
Writing Explanations of 
Scientific Terms
No Sig. Diff.
Hagen 1969/1970
1888A
Teaching Piaget’s Mental 
Abilities by Programmed 
Learning
No Sig. Diff. 
in general but 
boys > girls 
with upper I.Q
Coleman 1972, ED 
064039
The Development of Science 
Concepts
No Sig. Diff.
Ball 1972/1973,
1069A
Piagetian Task No Sig. Diff.
Mealings 1963, 204 Problem Solving No Sig. Diff.
Beard 1963, 117 Conceptual Development No Sig. Diff.
Case & 
Collinson
1962, 109 The Development of Thinking No Sig. Diff.
Jackson 1965, 258 The Growth of Logical Thinking No Sig. Diff.
Pratoomraj 
& Johnson
1966, 352 Piagetian Conservation No Sig. Diff.
Uzgiris 1964, 835 Piagetian Conservation No Sig. Diff.
Meinke 
et al
1975, 156 Conceptual Level as related 
to Performance
No Sig. Diff.
Brainerd 1971, 472 The Development of 
Proportionality
No Sig. Diff.
Dodwell 1961, 36 Piagetian Conservation No Sig. Diff.
Gilliland 
& Humphreys |
1943, 129 Time Estimation
\
No Sig. Diff.
TABLE 2-6
Sex Differences and Conceptual Level
Research
Worker
Reference Field of Study Finding
Elkind 1961, 555 Piagetian Conservation Sig. Diff. 
Boys > Girls
Goldschmid 1967, 1238 Piagetian Conservation Sig. Diff. 
Boys > Girls
Dale 1970, 280 Piagetian Conservation Sig. Diff. 
Boys > Girls
Beard 1963a, 237 Piagetian Conservation Sig. Diff. 
Boys > Girls
Lawson 1975a, 402 Conceptual Levels Sig. Diff. 
Boys > Girls
Bridgham 1972, ED 
058 023
Piagetian Tasks Boys > Girls
Shipe 1975, ED 
100 623
Developmental Ability Sig. Diff. 
Boys > Girls
Cleminson 1970/1971,
4575A
Piagetian Tasks Sig. Diff. 
Boys > Girls
Babikian 1970/1971,
3365A
Teaching Science 
Concepts
Sig. Diff. 
Boys > Girls
Fogelman 1972, 155 Piagtian Conservation * when they 
watch and 
listen Girls
> Boys
* when mani­
pulated 
material.Boys
> Girls
Brekke & 
Williams
1973, 14 Piagetian Conservation Sig. Diff. 
Girls > Boys
Field & 
Cropley
1969, 4 Piagetian Cognitive Style Sig. Diff. 
Boys >Girls
their homes each day earlier than males. Most secondary school 
final examinations indicate that girls achieve more than boys 
(Kuwait Ministry of Education, 1973-1977) but not in early 
secondary, intermediate and elementary schools. In earlier 
work the investigator found a significant difference between 
the sexes in achievement in physics in favour of girls 
(Haj-Issa, 1974, 3) in late secondary school pupils. So 
it was decided to investigate whether there was any difference 
between the sexes in the first grade in secondary schools in 
respect of their conceptual levels.
2.7 THE RELATIONSHIP BETWEEN COGNITIVE DEVELOPMENTAL LEVEL
AND ACHIEVEMENT IN SCIENCE
Many research workers have found different values of 
correlation between the performance of subjects on Piagetian tasks, 
or their conceptual levels, and achievement in science, as is 
shown in Table 2-7. It can be seen that, in general, there are 
significant relationships between performance on Piagetian tasks 
and achievement in science. If this is true, the determination 
of the conceptual levels of the learners will be helpful in 
prescribing physics concepts which correspond in demand to 
the levels observed in pupils.
The investigation reported here was into the study of 
the correlation between the conceptual levels (as measured by 
weighted or total scores on Piagetian Items Test "P.I.T.") and 
physics achievement (as measured by Physics Items Test "Ph.I.T.")•
TABLE 2-7
Conceptual Level and Achievement in Science
Research
Worker
Reference Field of Study Finding
Parnell 1975, 205A Piagetian Task and 
Natural Science
significant
relationship
Leon 1974, ED 091 
145
Conservation and Science 
Achievement
conservation is an 
important factor 
for learning 
science
Lawson 1974a, ED 
089 964
Piagetian Task and 
Science Concepts
significant
correlation
Sayre & 
Ball
1975, 171 Piagetian Tasks and 
Scholastic Science
significant
relationship
Chiappetta 1974, 11 Piagetian Task and 
Physical Science
high correlation 
r = 0.80
Ball 1972/1973,
1069A
Piagetian Task and 
Biology and Chemistry
significant
relationships
Field & 
Cropley
1969, 10 .Cognitive Level and 
Science Achievement
high significant 
correlation
Cleminson 1970/1971,
4575A
Piagetian Task and 
Science Concepts
positive and low
correlation
coefficient
Raven 
et al
1974, 565 Piagetian Tasks and 
Physical and Biological 
Science
significant and
positive
correlation
Lawson & 
Nordland 
& De Vito
1975, 426, 
427
Piagetian Tasks and 
Science Achievement
significant 
relationships at . 
1%
Hammond 
& Herron
1974, 4 Piagetian Tasks and 
Chemistry
significant 
correlation 
coefficient 
(r = 0.71)
2.8 PIAGET1S THEORY AND SCIENCE CURRICULA
The implications of Piaget’s theory have been used in 
different fields of education despite the opinion of some educators, 
such as Brown and Desforges (1977, 7) and Bruner et al (1966), who 
believe that Piaget’s theory has been unsuccessful in facilitating 
teaching-learning situations.
Few applications of Piaget’s theory have been made to 
secondary science (Ball and Sayre, 1974, 331), but many research 
workers have related the implication of P i a g e t ’s theory to the 
design of science curricula, and the teaching of science in 
general. Because Piaget has deepened our understanding of 
the experience of childhood (Schwebel and Raph, 1973, 3) with 
his emphasis on the need for children to manipulate materials 
(Novak, 1978, 1), it is thought that Piaget’s system could 
facilitate pupil assessment, programme design (Espejo and Good,
1975, 155) and the selection of teaching procedures.
In this field Flavell (1963, 365-6) suggested three!principal[ 
ways in which Piaget’s system could be applied to educational problems:
(1) to make fruitful use of Piaget’s research instruments in the 
assessment of the individual child’s general intellectual develop­
ment; (2) to plan curricula in the context of Piaget’s development 
findings; and (3) to generate the most favourable conditions for 
learning through teaching. Ervin (1960, 553) added that if there 
are fundamental patterns of logical maturation in Piaget's theory, 
then it may be that the scaling of educational curricula in science 
can be determined with more precision by some appropriate ’’logical 
age" measure than the current trial and error methods. So Piaget’s 
ideas should be of great assistance to both the teacher and the 
curriculum designer (Sigel and Hooper, 1968, 431) (Raven et al,
1974, 567). To take advantage of Piaget's ideas, it is important 
to build an instructional sequence - which parallels the sequence 
of development of the child's ideas - after the determination of 
initial level of development of the child (Bass and Montague,
1972, 503-11).
The greatest difficulty that educators have observed in 
secondary school science classes, namely the lack of self-confidence 
by pupils in dealing with mathematical and scientific concepts 
(Meckstroth, 1974, 329) (Lovel, 1974a, 312; 1973, 26), is due 
to the content of the prescribed syllabus being presented at 
a level higher than the pupils’ developed capacity (Karplus,
1964, 236). In other words, the majority of the students in 
junior and senior high school are at the concrete operational 
level (Nordland et al, 1974, 574) (Lawson and Renner, 1974, 547) 
(Chiappetta, 1976, 259), whilst some of the materials presented 
are too abstract and too demanding for most pupils (Chiappetta,
1974, 1; 1976, 260), and the time allocated to cover material is 
too short (Raven, 1974, 260) (Lawson et al, 1975, 395). In addition 
the presentation of material still depends on discussion, the use of 
textbooks which deal with material in too highly an abstract manner 
(Nordland et al, 1974, 574) (Lawson and Renner, 1974, 547), and which 
have many mistakes (Warren, 1976, 70).
If these difficulties are taken into account, and remembering 
that the child in the concrete stage or below has not got the 
developed structure which enables elaboration on abstraction to 
be undertaken (Piaget, 1958, 348-9), then, in order to help the 
individual move from one stage to another, Piaget stressed the 
need to confront the child with activities and situations which 
can be understood at the present stage of development (Lawson and 
Renner, 1974, 558).
If most of the high school pupils are still concrete thinkers, 
and the new curricula assume formal operation thought rather than 
attempting to develop it (Kohlberg and Killigan, 1971, 1082) (Renner 
and Lawson, 1973, 169) (Meinke et al, 1975, 157) (Karplus, 1964, 237) 
(Herron, 1975, 15), then the reponsibility of the curricula designers 
must be to respect each child's stage of cognitive development by 
achieving the optimal match between instruction and thought. They 
must not try to accelerate the stages of cognitive development 
(Bearison, 1975, 580), but to construct curricula which "reflect
concrete objects, events and situations rather than abstract mental 
images, rules and roles in the teaching methods and material used.. 
Because a concrete operational thinker does not become formal 
operational by constantly being confronted with formal operational 
tasks and concepts, he must meet situations which are at the 
concrete level but which also will add to and challenge his 
thinking ability to promote progress to higher levels" (Lawson 
and Renner, 1974, 558). At the same time we have to explain to 
the teachers what we mean by the conceptual level of children 
(Karplus, 1964, 237), and to take into account the size of the 
syllabus together with the time available to cover the syllabus. 
Efforts must be made to enrich the experience of young children 
with scientific and mathematical topics rather than to accelerate 
them cognitively per se (Wohlwill, 1964, 100).
If educators thoroughly investigate the demand level of 
concepts, the precision of suitable situations, the extent of 
teacher’s understanding of cognitive development, and the time 
required for learning, then, maybe, we can encourage and promote 
formal thought (Lawson and Renner, 1975, 343) (Lawson et al, 1973,
276) (Beistel, 1975, 151) (Pearce, 1971, 5537A).
The investigation reported here was concerned with the 
problems which the Ministry of Education in Kuwait was faced with
during the implementation of new physics curricula for secondary
schools. These problems were mainly concerned with the large 
number of pupils finding it difficult to understand specific 
concepts in physics. The decision was made to determine the 
conceptual level of the pupils, then to use different teaching 
methods. This would point out the origin of difficulties i.e. 
whether from the conceptual level of the pupils, the teaching 
situation, or both of them, or from other factors. The intention 
was to assist in the designing of curricula, the selecting of 
suitable teaching methods and in the assigning of diagnosing 
material to help the pupils to promote their levels from the 
lower to the higher levels of cognitive development.
2.9 CONCLUSION
From this literature review, it can be seen that Piaget has 
stated that a child, at any chronological age, has a specific mental 
structure, which is the product of interaction between heredity 
and environment. These mental structures pass through four stages: 
sensory-motor, preoperational, concrete operations, and formal 
operations at approximately average chronological ages. The 
child’s progress from one stage to the other occurs by the 
construction of new operational structures. Piaget considers 
that normal children have to attain all the stages one by one 
in order to arrive at the formal stage, but that this progress 
differs from one society to another and from one subject to 
another because of the divergence of the effects of the 
controlling factors (maturation, experience, social trans­
mission and equilibration). In all cases the chronological 
age is variant, but the order of the stages is still invariant 
in all societies.
On the other hand, research workers have found some evidence 
that teaching by different styles can assist in concept formation 
and cognitive development. In other words, if we arrange a rich 
environment to help subjects become active, we can accelerate 
cognitive development. Other research workers have found that 
Piagetian conservation was not induced by any of the training 
techniques, regardless of the population. But in general, most 
supporters of Piaget have said that it is possible to accelerate 
concept acquisition, but that it is impossible to make a rapid 
and drastic change.
Piaget used the clinical method in all of his investigaitons 
to determine the cognitive development levels of subjects. Piaget 
has been criticized for this method because of the experimenter 
effect, time consumption, the use of a small number of subjects, 
doubts about phrasing during the tests, and the difficulty in 
mounting comparable studies. On the other hand, paper and
pencil methods, which can be used in group situations to determine 
the conceptual levels of subjects, have given an indication that 
they can be used with advantage.
Some research workers have tried to correlate conceptual 
level with I.Q. They found, in general, that the correlation 
indices were positive, but varied from low to high. The 
relationship between cognitive developmental level and sex has 
been much studied. Most of the findings indicate that there is 
no significant difference between the sexes, however some indicate 
that there were significant differences between boys and girls in 
favour of the boys. The relationship between cognitive develop­
mental levels and science achievement has been studied. It has 
been found that the relationship is positive and significant in 
most cases.
On studying the possibility of using Piaget’s model in 
facilitating the development of science curricula, many educators 
have agreed that it can be used in solving some educational problems. 
If we could determine the present conceptual levels of the subjects 
this would assist in designing curricula and in selecting suitable 
teaching methods and in assigning diagnostic materials to help the 
subjects to develop from lower to higher levels of cognitive 
development.
The purposes of this investigation were to:
(1) Find whether the sequence of the stages of the subjects 
is invariant, or not, by using a Piagetian Items Test.
(2) Find the distribution of developmental levels amongst 
the sample and compare them with findings from other 
societies.
(3) Study the effect of using three different teaching methods 
on the conceptual level of the subjects, and to identify 
the best one if it exists.
Study the relationships between the conceptual levels 
of the subjects (determined by the total or weighted 
scores on the Piagetian Items Test "P.I.T.") and their:
a. chronological age
b. I.Q. (determined by the scores on "T.L.I.")
c. sex
d. physics achievement (as measured by the 
Physics Items Test "Ph.I.T.")
e. nationality
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3.1 CONSTRUCTING PIAGETIAN ITEMS TEST (P.I.T.):
In recent years paper and pencil tests have been increasingly 
used in research into cognitive development, but the use of the 
approach in secondary school science is still limited.
The design of this test is new, so it was decided to describe 
the construction procedure in detail.
The items in the Piagetian Items Test "P.I.T." (Appendix A ) , 
were derived directly from Piaget's original clinical tasks 
(Piaget, 1970, 119-225), which relate to the speed concept and 
which involve the comparison of the speed of two cars. Pupils 
in Kuwait are usually very interested in cars and racing. It 
was expected that the application of the test would seem to be 
enjoyable for them and thus invoke a degree of cognitive commitment.
All the questions are exactly as given by Piaget but they 
were ordered so as to be suitable for group administration.
In constructing this test, the first eight problems, taken 
for the first pilot study, were chosen to cover the range from the 
early concrete (2A) to the early formal (3A) sub-stages. In writing 
these items it was decided, in order to avoid the problem of guessing, 
not to use multiple choice or true-false items as far as possible. 
Severally the items were used to stress: the elements of the problem 
such as the items la and lb in problem 1; to ensure that the subjects 
pay attention to all the variables in the problem; full understanding 
of the problem was also sought. Other items were used as distractors 
to reduce the probability of guessing, such as the items Id and If.
An attempt was made to simplify language used in the test, by using 
a magnetic board, to ensure that the content of each problem, when 
introduced to the subjects in a group, was clearly understood.
The average age of the subjects was 15.12 years, so 
according to Piaget*s theory all the subjects should have reached, 
at least, the early formal stage. But to ensure that the subjects 
had attained the previous stages it was decided to include items 
from the early concrete operational substage to the formal 
operational substage.
All the problems of the test concentrated on evaluating 
the different possibilities of attaining the speed concept as a 
relation between distance and time, and on the comparison of the 
speed of two moving objects. The movement of the two moving object
was wholly visible, with starting and stopping points arranged either
synchronously or in succession to cover the following cases:
(1) equal distances travelled in unequal times, e.g:
d^ =.d 2  = 80 m, t^ = 4S, t2  = 3S (Problem 1)
(2) unequal distances travelled in equal times:
(a) in two straight lines, e.g:
d^ = 20 m, d 2  = 24 m, t^ = t 2  = 4S (Problem 2)
(b) in two concentric circles e.g:
dl > d2* t l =  t 2 (Problem 8)
(3) unequal distances travelled in unequal times:
(a) where the ratio between distances is equal to the
ratio between the time needed, e.g:
dl ^1
T ~  - 2 » —  ~ 2 (Problem 3)
2 4  <
di i 4  _ i
d2 3’ t2 - 3
(Problem 4)
dl 1 tl 1
d T = 4 ’ t T = 4 (Problems)
Z Z !
(b) where unequal distances are travelled in unequal 
times (or vice versa), e.g:
d^ = 60 m, d 2  = 50 m; t^ = 4S, = ^  (Problem 6)
(c) where different distances are travelled in three 
different times, e.g: 
d^ = 130 m, d2 = 150 m, d^ = 160 m;
t^ = 5S, t2  = 5S, t^ = 8S. (Problem 7)
Piaget (1970, 201-225) describes the cognitive levels 
of subjects in terms of the speed concept, as follows:
At Substage 2A: the subject faces difficulties in handling distances
in unequal times (Problem 1), or vice versa (Problems 2 and 8), 
also when movements are in succession, as well as an inability 
to establish proportions when times and distances are both 
unequal (Problems 3, 4, 5, 6 and 7).
At Substage 2B: the subject has immediate success with speeds over
equal distances in unequal times, or vice versa, and 
progressively when times and distances are both unequal.
At Substage 3A: the subject has some feeling for proportion,
i.e. can formulate 1 to 2 ratio (Problem 3), 1 to 3 ratio
(Problem 4) and 1 to 4 ratio (Problem 5). But other
ratios are still accompanied by mistakes and uncertainties, 
during this substage. However by the end of the substage 
the general statements of proportional relations have been 
understood.
Taking these findings into account and employing the 
transitional substages used by other research workers (Shayer et al,
1976, 168)(Lovell, 1961, 145) such as 2A/2B and 2B/3A, the range
\
of the substages possibly becomes: 2A, 2A/2B, 2B, 2B/3A and 3A, 
and the levels proposed for the items of the first 8 problems 
of the test were as shown in table 3-1. In this table it can be
TABLE (3-1)
The Levels Proposed for the Items 
in the First Eight Problems in "P.I.T."
Problem Item Serial Proposed The Question
No. No. Item No. Level
lc 1 2A Did they go at the same speed?
1 le 2 2A/2B Which one went quicker?
3 2B Why?
2c 4 2A Did they go at the same speed?
2 2e 5 2A/2B Which one went quicker?
2g 6 2B Why?
“5 3a 7 2B Did they go at the same speed?J
3b 8 2B Why?
A 4a 9 2B/3A Did they go at the same speed?H
4b 10 2B/3A Why?
K 5a 11 2B/3A Did they go at the same speed?
5b 12 2B/3A Why?
6a 12' 3A Did they go at the same speed?
6 6c 12" 3A Which one went quicker?
6d 13 3A Why?
7a 13' 3A Did they go at the same speed?
7 7c 13" 3A Which one quickest and which
slowest?
7d 14 3A Why?
8a 15 2A Did they take the same time?
8b 16 2A Did they cover the same distance?
8 8c 17 2B Did they go at the same speed?
8e 18 2B/3A Which one went quicker?
8f 19 3A Why?
seen that to facilitate relating each item to its problem, the letter 
of the item was accompanied with its problem number such as item c 
in problem 1 was written as lc.
The purpose in using this test was to sort subjects into 
different groups. "We want complete success by all those who have 
attained a certain level on an item testing that level, and no 
success at a level beyond them" (Wylam, 1975, 1). In other words,
"a person who passes a given item, can pass all easier items, and 
those who fail a given item also fail all harder items" (Elliott,
1976, 58). The items were scored on a right/wrong basis, i.e. a 
correct response was taken as evidence of pupils operating at the 
designated level. To study discrimination of items, the Guildford 
Pattern, which has been used by The Concepts in Secondary Mathematics
and Science (CSMS) project, was used and found to be the best
.  2 .  .
discriminator. That project chose a -r- success rate criterion,
2 .
i.e. a child succeeding on —  of the items at a particular level, 
must be considered to be operating at that level (Shayer, 1978, 120). 
After determining the conceptual level for each pupil, the 
percentages of the correct responses of pupils at all conceptual 
levels must be computed for each item. Then the graph of each 
item can be drawn. Items which have a steep and high inflexion
i 1
are good discriminators. Items which show a steady slope are
suspect, and may be measuring other factors and/or have a large
random noise element (Wylam, 1975, 3-4). This techniques goes with
an idea, which has stated by Flavell (1971a, 425-426), that
"the development of individual stage-specific items is characteristically
abrupt rather than gradual. It is assumed that the item developed
in an earlier stage continues in the repertory when the item proper
to the next stage develops, as is the case for the majoi: Piagetian
stages".
In order to get a general idea about the possibility of 
applying this test in a group situation by using a flanne1-board,
and to ensure that the language is understandable, it was decided 
to do a pilot study.
The first pilot study:
The first pilot study was conducted - during the last two 
weeks of March 1976 - on 100 fourth intermediate grade subjects. 
They were selected at random, from two schools (The Al-Kadissiya 
Boys and Girls Intermediate Schools).
The first eight problems of Piagetian Items Test was 
applied to the selected sample in the hall restaurants in both 
schools. In order to arrange for a good test situation, about 
2— 2  ^ metres were left between the subjects desks. A flannel-board 
was used to explain each problem to the 25 pupils simultaneously. 
The pupils were encouraged to ask questions before they wrote 
down their responses i’.e. they all did a question before going 
to the next. The time required by each group was between 35-50
minutes. The answer sheets of 100 subjects were marked and
2 . .
their levels, depending on the criterion rate, was determined
(Appendix B ) .
It was found that this criterion worked quite well in
determining the levels of the subjects except in some cases,
2 .
such as the pupil No. 3 who failed to get —  of 2B level items
2 .
correct but got -j of 2B/3A level items correct. Pupils No. 24,
27, 44, 52, 71, 90, 93 and 96 who failed at lower levels also
attained the higher ones. An extra case was pupil No. 22 who 
2
has got —  of level 2B/3A after stopping at level 2A. These cases 
may have occured because the useof true/false items. Thus it 
can be seen that in the items 12f, 12", 13’ and 13” , where 
the level of each is 3A, that pupils whose level is 1 or 2A 
responded correctly but in general failed to respond correctly to
similar items level such as items No. 12 and 13, these latter, 
requiring the presentation of an explanation. The distribution
of 100 subjects over all substages and stage 1 (it was
. . . ■ . 2
considered that a subject was m  stage 1 if he could not get a -j
of items 2A correct), were as follows: (see table 3-2).
TABLE 3-2
The Distribution of the Conceptual Level 
in the First Pilot Study
Levels 1 2A 2A/2B 2B 2B/3A 3A
Subjects % 21 28 16 7 15 13
To know how many subjects succeeded at each specific level 
on each item, the percentages were computed as is shown in
table (3-3). On representing the content of this table in
graphical form, (figure 3-1) it is seen that some items give a
good discrimination particularly Nos. 1, 2, 3, 7, 8, 9, 10, 11,
12, 13, 14, 16, 18 and; 19. In item No. 4. after a sharp increase 
from level 1 to level 2A, it increases to 100% at level 2B, so 
its level was considered to be 2A/2B. The same thing holds for 
items Nos. 5 and 17, which were considered to be 2A/2B and 2B 
respectively. The graphs of items 6, 12’, 12", 131, 13" and 15 
did not show enough discrimination. If we compare the proposed 
item levels, with those found here .and those found by Shayer 
(1976a, 1-2), for the same items (see table 3-4), we see that there 
were about 10 items identified (1, 2, 7, 8, 10, 11, 12, 14 and 17) 
with levels. In item 6 - which is the last item on problem 2 - 
the subjects were asked to explain their answers to the previous 
item in the problem. This item is very similar to item 3 which 
was found to be a good discriminator. So it seemed necessary to 
apply it again. In item 15 - which is the first item on problem 8 -
TABLE 3-3
Percentage of Correct Responses at the Given Level for Items
Problem
No.
Serial 
Item No.
Percentage of Correct Responses 
at the Given Level
Average
1 2A 2A/2B 2B 2B/3A 3A
1
1
2
3
57
29
9
93
32
21
94
100
94
100
86
86
100
93
80
100
100
80
88
64
50
2
4
5
6
24
9
0
71
54
40
94
100
48
100
86
43
93
80
50
100
92
92
74
63
48
3
7
8
14
5
25
21
12
6
100
86
100
100
100
100
46
41
4
9
10
33
24
32
21
12
12
71
30
93
100
100
100
42
42-
5
11
12
14
0
21
7
24
18
30
30
100
86
100
80
42
29
6
12*
12**
13
76
43
0
80
25
4
76
24
0
43
15
0
60
21
0
85
61
61
73
32
9
7
13*
13"
14
95
43
5
93
14
7
100
60
24
100
30
15
100
60
7
100
100
92
97
46
21
8
1
15
16
17
18 
19
i48
33
38
19
19
64
93
42
32
25
53
94
60
30
24
60
100
86
30
30
64
100
86
43
43
i
92
100
92
100
92
61
81
60
39
35
80
60
40
20
Level
0
1 2A 2A/2B 2B 2B/3A 3A
80
60
40
20
Level
0
1 2A 2A/2B 2B 2B/3A 3A
(3) (4)
80
60
40
20
Level
0
1 2A 2A/2B 2B 2B/3A 3A
100 Pupil %
Level
1 2A 2A/2B 2B 2B/3A 3A
(5) (6)
100 Pupil 1
40
20
Level
1 . 2A 2A/2B 2B 2B/3A 3A
100 PuPi:L
80
60
40
20
Level
0
1 2A 2A/2B 2B 2B/3A 3A
(7) (8)
100 pupil %
%
40
Level
1 2A 2A/2B 2B 2B/3A 3A
80
60
40
20
Level
0
1 2k 2A/2B 2B 2B/3A 3A •
80
Level
1 2A 2A/2B 2B 2B/3A 3A
(11)
' 100 Pupil %
Level
1 2A 2A/2B 2A 2B/3A 3A
80
60
Level
1 2A 2A/2B 2B 2B/3A 3A
(12)
100 Pupil
80
20
Level
1 2A 2A/2B 2B 2B/3A 3A
(12’ ) (12")
100 Pupil %
40
20
Level
2B/3A 3A
(13)
Pupil %
100
40
Level
1 2A 2A/2B 2B 2B/3A 3A
100 Pupil %
Level
1 2A 2A/2B 2B 2B/3A 3A
(13’)
(Pupil %)
100
80
60
40
20
0
-e
Level
1 2A 2A/2B 2B 2B/3A 3A
80
60
40
20
Level0
1 2A 2A/2B 2B 2B/3A 3A
(15)
Pupil %
100
80
60
40
20
Level0
1 2A 2A/2B 2B 2B/3A 3A
(17)
100 puPiJ- ^
Level
1 2A 2A/2B 2B 2B/3A 3A
(19)
100 PuPil ^
80
;Level
1 2A 2A/2B 2B 2B/3A 3A
80
60
40
20
Level0
1 2A 2A/2B 2B 2B/3A 3A
(16)
Pupil %
100
60
Level
1 2A 2A/2B 2B 2B/3A 3A
(18)
100 Pupil %
Level
2A 2A/2B 2B 2B/3A 3A1
TABLE (3-4) 
Level of Test Items
1  Problem
i
1
! Item
t
Serial Proposed Level Found in
I
! Level Found
No. No. Item No. Level First Pilot j by Shayer
i
lc 1 2A 2A
i " 1 — ■ ■
: 2A
1 ! le 2 2A/2B 2A/2B : 2A/2B
lg 3
.
2B 2A/2B 2B
2c 4 2A 2A/2B ? 2A
2 2e 5 2A/2B 2A/2B ? 2A
2g 6 2B ? ?
Q 3a 7 2B 2B 2 .J
3b 8 2B 2B 2B
/ , 4a 9 2B/3A 2B/3A 2B/3AH
4b 10 2B/3A 2B/3A 2B/3A
c 5a 11 2B/3A 2B/3A 2B/3AD
5b 12 2B/3A 2B/3A 2B/3A
6a 12* 3A ? 3A
6 6c 12" 3A 9 3A
6d 13 3A 3A ?
7a 13' 3A ? 3A
7 7c 13" 3A ? 3A
7d 14 3A 3A 3A
8a
■ i
15 2A 2A
8b 16 2 A 2A 2B ?
8 8c 17 2B 2B ? 2B
8e 18 2B/3A 3A 1 2B
8f 19
_ _ _ _ _ _
3A 3A ?
the subjects were asked if the two cars took the same time, bearing 
in mind that the stem of the problem clearly explained that the 
two cars set off and arrived at the same time, so it also seemed 
necessary to apply it again.
The demands of items 12* and 13* are similar. In these 
two items subjects were asked to judge if the two cars went at the 
same speed. What was noticed during the application of the test 
was that most of the subjects who could not calculate the speed 
values, and who could not find any relation between the two 
distances covered by the two cars, gave answers saying that the 
cars were not going at the same speed, so we have, for these two 
items, high averages (73 and 97 respectively). Also items 12" 
and 13" depend on understanding of the previous two items. For 
that reason it was decided to reject these four items.
5, 13, 16 and 19 were closely identified with the proposed levels 
of these four items. Shayer only identified a clear level for, 
item 5, which was found to be 2A. Other items such as 3, 4 and 18 
whose proposed level were 2B, 2A and 2B/3A were found to be
It was found - in the first pilot study - that the items
2A/2B, 2A/2B and 3A respectively.
Some changes in problem 7, which has items 7c and 7d
i'
were made as follows: ,
Originally they were:
c. If "a" is "No", which one went quicker?
I | The second car (K) 
| [ The third car (N)
d. Explain your answer to "c"
Then these two items became:
c. If "a" is No:
(1) Which one went quickest?
I I The first car (L)
|~~1 The second car (K)
| |The third car (N)
(2) and which one went slowest?
| [The first car (L)
| |The second car (K)
) |The third car (N)
d. If the first (L) went quickest or slowest, why?
e. If the second (K) went quickest or slowest, why?
f. If the third (N) went quickest or slowest, why?
So all that was needed is the explanations bf items 7e and 7f 
because the second car is the quickest and the third is the slowest. 
To avoid confusion in naming the items, the serial No. 14 and No. 14* 
were given to the items 7e and 7f respectively.
The total number of Items became 19 at the end of the first 
pilot study, so on looking at the graphs it can be seen that 15 
of them are good discriminators, because "items which have a steep 
and high inflexion are good discriminators" (Wylam, 1975, 4).
Item 1 was an easy item, items 2, 3, 7, 8, 10, H >  13, 14 and 16 
were very good discriminators, items 4, 5, 9, 12, 18 and 19 were 
good discriminators, but items 6, 15 and 17 did not give enough 
discrimination.
The level of noise, in general, was relatively small, the 
general shape of the graphs being similar to the original ideal 
of the Guildford Pattern. The noise in some graphs can be 
explained by assuming that some subjects give correct responses 
for a specific item despite not being up to the level of that 
item, or give incorrect responses for a specific item despite 
being up to the level of that item. This occurs when the pupil . 
chooses a response without thinking clearly in multiple choice 
items.
The second pilot study:
In order to re-try items 6, 15 and 17 which did not give 
enough discrimination, and to increase the number of the items of the 
test, another 5 problems were chosen (Piaget, 1970, 155-185) as 
described by Lovel et al (1962, 102-104) and the following levels 
for each item were proposed: (see table 3§5).
TABLE (3-5)
The Levels Proposed for the Items 
in the Last Five Problems in "P.I.T."
Problem
No.
Item
No.
Serial 
Item No.
Proposed
Level
The Question
9a 20 2A Did they go at the same speed?
9
9c 21 2A/2B If 11 a" is "No", which car 
went quicker than the other? 
n  the first Q t h e  second.
9e 22 2B If the second car went 
quicker, why?
10a 23 2A Did they go at the same speed?
10
10c 24 2A/2B If "a" is "No1 V  which car 
went quicker than the other?
1 1 the first Q t h e  second.
lOd 25 2B If the first car went quicker, 
why?
11a 26 2A Did they go at the same speed?
11
11c 27 2A/2B If "a" is "No", which car 
went quicker than the other?
| |the first |~|the second.
lid 28 2B If the first car went quicker, 
why?
12a 29 2A Did they go at the same speed?
12
12c 30 2A/2B If "a" is "No", which one went 
quicker than the other.
P )  the first Q  the second.
12d 31 2B If the first car went quicker, 
why?
13a 32 2A Did they go at the same speed?
13
13c 33 2A/2B If "a" is "No", which one 
went quicker than the other.
1 I the first l"~l the second.
13d 34 2B If the first car went quicker, 
why?
Each of these five problems concern different distances 
and equal times. So the new version of the test had 35 items. The 
sample for the second pilot study was selected at random from 
12 secondary schools. The size of the sample was 100 subjects 
(50 boys and 50 girls). From each school, 8 or 9 subjects were 
chosen and the problems of the test administered one by one 
by using the magnetic board. The pupils were told to pay 
extra care to their responses and to avoid wild guessing. The 
time was unlimited. The required time was in the range (50-82) 
minutes.
The answer sheets were marked, and the Piagetian levels
2
of the subjects determined by application of the "-j criterion"
rate already mentioned (see Appendix C) . By using this criterion,
all subjects went through the levels consequently except two
2
(No. 20 and 53). Subject No. 20 failed to get r  of 2A level
2
items correct, but got -r- of 2A/2B level items correct. Also
2
subject No. 53 failed to get r  of 2B level items correct, but 
2 --
got j  of 2B/3A level items correct. In general, there were some 
subjects who demonstrated a specific level, but still give 
correct responses at higher levels e.g. subject Nos. 7, 13, 14, 15,
16, 23, 31, 34, 40, 42 etc. Some subjects who demonstrated a specific 
level, still made some wrong responses at lower levels e.g. subject 
Nos. 1, 2, 4, 5, 9, 10, 11 etc.
The distribution of 100 subjects over all substages and 
stage 1 was as follows: (see table 3-6).
TABLE (3-6)
The Distribution of the Conceptual Level 
in the Second Pilot Study
Levels 1 2A 2A/2B 2B 2B/3A 3A
Subjects % 18 7 28 11 31 5
The number of subjects who had succeeded at each specific 
demand level on each item was found. The percentages obtained which 
are given in table (3-7).
TABLE (3-7)
Percentages of Correct Responses at the Given Level for Items
Problem 
No.
Serial
Item
Percentages of Correct Responses 
at the Given Level
Average
No. 1 2A 2A/2B 2B 2B/3A 3A
1 56 100 100 100 100 100 92
1 2 28 29 96 91 100 100 80
3 28 14 75 82 90 100 69
4 28 100 100 100 100 100 87
2 5 28 29 71 82 94 100 70
6 22 29 29 82 94 100 57
3
7 11 14 14 91 100 100 53
8 6 14 I V 100 94 100 51
9 11 14 25 91 97 100 55
10 11 0 7 27 94 100 41
5
• 11 0 0 0 0 97 100 35
12 0 0 0 9 84 100 32
6 13 0 0 0 6 10 100 9
7
14 0 0 0 0 13 100 9
14' 0 0 0 0 13 80 8
15 56 71 64 64 84 100 71
16 33 86 82 91 87 100 77
8 17 28 29 86 82 84 100 71
18 0 14 14 18 45 100 28
19 0 0 11 18 45 100 24
TABLE (3-7) con’td 
Percentages of Correct Responses at the Given Level for Items
Problem
No.
Serial
Item
No.
Percentages of Correct Responses 
at the Given Level
Average
1 2A 2A/2B 2B 2B/3A 3A
20 28 86 86 100 94 100 80
9 21 6 14 75 82 84 100 63
22 0 0 4 27 45 40 20
23 33 100 96 100 97 100 86
10 24 11 14 75 91 87 100 66
25 0 0 28 82 81 80 46
26 44 100 93 100 100 100 88
11 27 28 14 79 91 94 100 72
28 6 0 11 91 84 80 44
29 50 100 100 100 100 100 91
12 30 61 43 96 100 100 100 88
31 17 0 14 100 90 100 51
32 22 100 96 91 94 100 56
13 33 22 14 93 82 90 100 73
34 6 0 18 73 77 100 43
By representing the content of this table in graphical form 
(figure 3-2) we notice in general, that all items - 
except Nos. 15 and 22 - give good discrimination. So it was 
decided to omit items 15 and 22, and give serial number to the 
rest of the items as follows: (see table 3-8).
TABLE (3-8)
The Relation Between Previous and Present Serial No.
Previous 
Serial No
Serial 
No Now
Previous 
Serial No
Serial 
No Now
Previous 
Serial No
Serial 
No Now
Previous 
Serial No
Serial 
No Now
1 1 10 10 18 18 27 26
2 2 11 11 19 19 28 27
3 3 12 12 20 20 29 28
4 4 13 13 21 21 30 29
5 5 14 14 22 omitted 31 30
6 6 14*
,1 5
23 22 32 31
7 7 15 omitted 24 23 33 32
8 8 16 16 25 24 34 33
9 9 17 17 26 25
The levels of the items became as follows: (see table 3-9).
TABLE (3-9)
Levels of "P.I.T." Items
Serial 
No Now
Level
Serial 
No Now
Level
Serial 
No Now
Level
Serial 
No Now
Level
1 2A 10 2B/3A 19 3A 28 2 k
2 2A/2B 11 2B/3A 20 I k 29 2A/2B
3 2A/2B 12 2B/3A 21 2A/2B 30 2B
4 2A 13 3A 22 2A 31 2A
5 2A/2B 14 3A 23 2A/2B 32 2A/2B
6 2B 15 3A 24 2B 33 2B
7 2B 16 2A 25 2 k
8 2B 17 2A/2B 26 2A/2B
9 2B 18 3A 27 2B
80
60
40
20
.Level0
1 2A 2A/2B 2B 2B/3A 3A
(3)
Pupil %
100
Level
1 2A 2A/2B 2B 2B/3A 3A
(5)
100 PuPl1 %
Level
1 2A 2A/2B 2B 2B/3A 3A
(7)
Level
1 2A 2A/2B 2B 2B/3A 3A
60
20
.Level
1 2A 2A/2B 2B 2B/3A 3£
(4)
Pupil %
100
20
Level
1 2A 2A/2B 2B 2B/3A 3A
(6)
100 Pupil %
.Level
1 2A, 2B/2B 2B 2B/3A 3A
(8)
100 Pupil %
Level
1 2k 2A/2B 2B 2B/3A 3A
0100
80
60
40
20
0
i
100
80
60
40
20
0
15J
100
80
60
40
20
0
------------ »----------  Level
2A 2A/2B 2B 2B/3A 3A
0 — .   1---- Level
1 2.A 2A/2B 2B 2B/3A 3A
1) (12)
Pupil %
- Level
2A 2A/2B 2B 2B/3A 3A
100 Pupil %
20
Level0 &
1 2A 2A/2B 2B 2B/3A 3A
3) (14)
Pupil %
Level
2A 2A/2B 2B 2B/3A 3A
100 Pupil 2
1 Level06-
1 2A 2A/2B 2B 2B/3A 3A
Pupil %
■' Level
2A 2A/2B 2B 2B/3A 3A
100 Pupil %
20
Level
1 2A 2A/2B 2B 2B/3A 3A
20
Level
1 2A 2A/2B 2B 2B/3A 3A
(18)
100 Pup*1 ^
Level
1 2A 2A/2B 2B 2B/3A 3A
(20)
100 Pupil
Level
1 2A 2A/2B 2B 2B/3A 3A
JJ&T 
100 Pupil ^
40.
Level©----
1 2A 2A/2B 2B 2B/3A 3A
80
20
Level
1 2A 2A/2B 2B 2B/3A 3A
(19)
Pupil %100
20
Level0&
1 2A 2A/2B 2B 2B/3A 3A
(21)
100 Pupil %
20
•Level
1 2A 2A/2B 2B 2B/3A 3A
22^  Pupil Z
100
40
Level
1 2A 2A/2B 2B 2B/3A 3A
1UU
Level
1 2A 2A/2B 2B 2B/3A 3A
25
JC 2 & .
Pupil %
100
80
Level
1 2A 2A/2B 2B 2B/3A 3A
27
100 Pupil %
Level
1 2A 2A/2B 2B 2B/3A 3A
29
100 Pupil %
80
20
Level
1 2A 2A/2B 2B 2B/3A 3A
Level
1 2A 2A/2B 2B 2B/3A 3A
26
Pupil %
100
80
Level
1 2 A 2A/2B 2B 2B/3A 3A
28
JU^-TPupil %
100
20
Level
1 2A 2A/2B 2B 2B/3A 3A
30
100 Pup^1 ^
Level
1 2A 2A/2B 2B 2B/3A 3A
iUU
Level
1 2A 2A/2B 2B 2B/3A 3A
80
20
Level
1 2A 2A/2B 2B 2B/3A 3A
33
100 Pupil %
Level
1 2A 2A/2B 2B 2B/3A 3A
The number of the items in each level became: (see Appendix D)
TABLE (3-10)
Number of Items in Each Level in "P.I.T.11
Level 2A 2A/2B 2B 2B/3A 3A
No. of Item 8 9 8 3 5
The test reliability:
To determine the reliability of the test by using the 
Kuder-Richardson formula, the test was divided into five sub-tests 
according to the substages:
2A, 2A/2B, 2B, 2B/3A, and 3A
In table 3-11'it is seen that the reliability of each 
sub-test, as well as for all the whole test before and after 
omitting the items 15 and 22, is as follows:
TABLE (3-11)
The Test and Sub-tests Reliabilities
Level 2A 2A/2B 2B 2B/3A 3A
3.58 (0 ,77)*
>■>
■u 0.87 (0.87)
•H
i—1
•i-i
Ci
0.91 (0.92)
•H 0.94 ^0.97)
a;
od
*  0.94 (0.9ffr
^ ------
0.94 (0.95)
* the value between two brackets is the reliability after omitting 
the two items
The value between two brackets is the reliability after 
omitting items 15 and 22.
To support these values for the test and sub-test 
reliabilities, the Horst formula was used in order to correct the 
Kuder-Richardson reliability for dispersion of item difficulties 
(Horst, 1953, 371-4; 1966, 240-1). The value of test 
homogeneity was r^ = 0.96, and the investigator felt that the 
reliability and discriminating power of the test was satisfactory.
The test validity:
A  test is valid if it measures what it claims to measure 
(Lovell and Lawson, 1970, 65). All items of the test were 
derived directly from Piaget's tasks and the level of each item 
was estimated according to Piaget’s findings in his clinical 
method. To check the levels of these items two pilot studies 
were made with 200 pupils and got, in general, good discrimination 
between these levels. The final test administered two times to 
788 pupils. The correlation coefficient between the first and 
second application was 0.90 (when considering weighted scores) 
or 0.91 (when considering total scores). The reliability of a 
test is one of the aspects of the validity (Abd-Eddaim, 1968, 363). 
These values were checked and found that the theoretical value 
was 0.62 at 5% level and 0.81 at 1% level. This means that the 
value of the correlation coefficient was significant at 1% 
level, and it gave one indication of the validity of the test.
On the other hand, another indication can be obtained from 
correlating the results of "P.I.T." with some external criterion 
(Lovell and Lawson, 1970, 68) such as the Test of Linguistic 
Intelligence "T.L.I.", which standardized in Kuwait on similar
subjects has high reliability indices (0.90-0.95). The range of 
the correlation co-efficients between "P.I.T." and't.L.I. was
0.61-0.64 (see Chapter 5). These indices are suitable, especially 
as no other external criterion has been constructed in Kuwait.
3.2 THE CONSTRUCTION OF PHYSICS ITEMS TEST "Ph.I.T.":
The purposes in constructing this test were, firstly,
to know what a pupil can or cannot do (or understand) and,
secondly, to compare performance on this test with that on 
other tests. The field of the investigation was that of the 
physics concepts prescribed for the first grade in Kuwait 
secondary schools. These physics concepts are: speed, velocity, 
acceleration, force and mass. The objectives attached to these 
concepts, their content specification, and the final items used 
are listed in Appendix E.
3.2.1 Item construction:
The first draft of this test included 70 items representing 
45 objectives. Two styles of items were used, multiple choice 
and completion items. The number of multiple choice items was 
53, and the number of completion items was 17. Each multiple 
choice item had 5 alternatives. An attempt was made to use 
suitable language in constructing the test items, by consulting 
two experts in this field.
3.2.2 Improving the items:
Three members of the I.E.T. at the University of Surrey 
revised the first draft independently. Their comments included 
the need to:
1. modify the language of some items;
2. change the order of some items;
3. change the level of some items as it was considered that
they were higher than the levels of the objective and 
content specification.
After discussing their comments with each one individually 
the test was administered as a whole to two physics post-graduate 
students in Surrey University, who solved some items in different 
ways, but felt that the language of the test was clear to them.
The time needed was about 50 and 75 minutes. Then the test
was administered to two science undergraduate students. The time 
needed was 45 and 65 minutes. Finally the test was translated 
into Arabic and four copies made. These were given to: the 
senior inspector of physics, an inspector of physics, a senior 
teacher of physics and a teacher of physics in Kuwait. They 
proposed to make changes in the language of a few items.
3.2.3 First pilot administration:
The test was administered in April 1976 to three classes 
of 89 subjects in one secondary school who had studied the 
prescribed physics concepts by the "traditional method". The 
time allowed for the test was unlimited. The investigator, 
with his associates (physics teachers) recorded the time which 
each student needed on the individual answer sheet. The multiple 
choice part needed between (40-60 minutes), and the completion 
part needed between (20-35 minutes). Table 3-12 gives the time 
needed by classes, and by the two parts of the test. The subjects 
in general seemed to enjoy the first part of the test, but some 
of them asked for explanations of some items, such as items 
No. 9, 10, 11^, 13, 15, 23, 32 and 34. From observing the test
TABLE (3-12)
Time Required for "Ph.I.T.”
The
Test
The
Class
Stud
No.
Time required (min)
20- 25- 30- 35- 40- 45- 50- 55-60
Part 1/1 28 _ ■ . — M. * 3 2 17 6
(1) 1/2 30 - - - - 1 5 20 4
1/4 31 •** ** • MB 2 3 21 5
Part 1/1 28 1 8 19 — ' ■_
(2) 1/2 30 - 6 23 1 - - -
1/4 31 3 9 19
I '
administration, it was noticed that a large number of the subjects 
found difficulty in solving items which needed calculation, and 
answers to the completion items were often not accurate.
From the first administration it was found, in general,
that most of the pupils failed to answer some items, i.e. 10^, 12,
13, 16. , 20 , 22, 23, 32, 34 and 35. These items were studied □ a
in order to find if there was anything wrong in their construction. 
At the same time the physics experts and the physics teachers 
in the school who administered the test were asked for their 
opinion. This produced the idea that these concepts were of a 
higher demand level than the subject's upper level of understanding, 
and they proposed to make a change in the style of some items, from 
a completion to a multiple choice type.
To study item discrimination, the 27% of the subjects who 
did well on most items (upper group) and 27% of the subjects who 
failed on most items (lower group), were selected (Findley, 1956, 
177-180) (Ebel, 1951, 406). The index of item difficulty was 
calculated to all items. It was found from those calculations,
that the range of difficulty indices was between (0*r0.75), and
about 13 items have difficulty indices under 0.2, the low discrimination
is due to extreme ease or extreme difficulty of the items. So
all low discrimination items were revised. In item 1 which relates
to the definition of the speed, it was thought that there is some
confusion between the third and fourth alternatives, so the wording
of the fourth alternative was changed. Problem 10 - which has two
items of low discrimination - w a s  omitted because it requires the
description of the kinds of speed and the calculation of average
speed, which are covered by items 18^, 19 and 20^. For problem 11
the arrangement of the table was changed and it became item 17.
Items 12, 13, 21., 22, 23 , 23, and 24 were too difficult for the 
V  d a b
subjects. Thus when the pupils of the three classes were interviewed
they claimed that they had not been trained on similar problems, 
and that they had selected responses without thinking.
3.2.4 Second pilot administration:
Before applying the second administration some items such 
as 17, 22 and 12 were rejected, and some changes made from 
completion items style to multiple choice items such as items 
No. 26, 27, 28, 29, 30 and 37. Then the items were classified 
according to their levels of difficulty. The total number of 
the items became 67 (53 multiple choice and 14 completion). The 
percentage of items related to each concept is given in table 3-13.
TABLE 3-13
The Percentages of the Items in "Ph.I.T.”
According to Concepts
No. of
Concept Item %
Speed and velocity 26 39
Acceleration 25 37
Force and Mass 16 24
The second administration of the test was in October 1976
to 162 subjects from 6 classes of second grade in secondary schools
who had finished studying the prescribed physics concepts in
June 1976. The subjects had been told of the test a week before
the date of its administration. By investigating the subjects1
responses on each item it was noticed that the percentages
of correct answers to some items were high (88-95%) e.g. Nos. 2, 3,
17a2» 21, 29, 30^ and 30^, while others were low (0-29%) e.g. 17^,
23 , 25, 26 , 31, 33 and 34. No-one answered the item No. 33 a ’ c
and only 5% answered the item No. 31. As it was believed that the 
phrasing of these two items is clear, the teacher of these classes 
were asked for the reason for this. Their opinions are as follows:
1. solving these items needs mathematical operations;
2. the teachers had not done that experiment practically, 
because of the lack of films (This reason relates to 
item 33 only);
3. the thinking of some pupils stops, when asked for 
calculation or deduction, because they have not been 
trained enough to have confidence.
Then the physics inspectors were met as a group to discuss 
these two items as well as others with low pass percentages. They 
were asked if all the objectives on this test were still 
prescribed for the first grade in secondary schools. Their explanation 
of those two items was that they are the most difficult and they 
still on the syllabus to help discrimination between serious pupils and 
their peers. Also it was suggested that pupils had forgotton them 
during the previous summer vacation.
On examining the total scores of the subjects, it was found 
that high scores (80-98%) were by subjects Nos. 11, 40, 43, 44, 50,
89, 90, 96, 97, 105, 116, 122, 135, 143 and 161; and the lowest 
scores (around 25%) were by subjects Nos; 26, 27, 59, 63, 77, 78 
and 80).
To study item discrimination, 27% of the subjects who
did well on most items (the upper group) and 27% of the subjects
who failed on most items (the lower group), were selected. The
index of item difficulty was calculated for all items. IniSt
it was found that negative indices had been
eleminated and the range of indices difficulty is between (0-0.80)
Items No. 3, 5, 10, 21 and 29 are very easy; items 27, , 28 , 31a D a
and 33 are difficult; but item 19 has unusual characteristics, 
because it appears to be an easy item, but some of the subjects 
in the upper group could not solve it correctly. The reason could 
be that some pupils thought that it was concerned with graphically 
the relation between speed and time rather than the relation 
between distance and time.
The test now consisted of two subtests, the first is 
a multiple choice style which had 53 items and the second is 
a completion style which had 14 items.
3.2.5 The test validity
A  test is valid if it measures what it claims to measure 
(Lovell and Lawson, 1970, 65). We were concerned here with the 
validity of the content specified, so it was necessary to check 
if the test items included all the objectives of the prescribed 
physics concepts. Seven jurors were asked about this point and, 
after discussion, agreed that the test items covered all the 
objectives completely, and matched the content specifications.
3.2.6 The test reliability
The reliability of a test refers to the consistency with 
which it measures whatever it is measuring (Popham, 1975, 151) .
In other words "its ability to consistently yield the same 
results when repeated measurements are taken of the same subjects 
under the same conditions" (Lovell and Lawson, 1970, 69).
To estimate the reliability coefficient, the test-retest
method was used for each part of the test. To avoid subjects
remembering certain responses after a short time in Ph.I.T.
Form A  (Appendix F) the order of the alternatives in the first
18 items, 21 , 21,, 21 , 23 , 30 , 30,, 30 , 30,, 30 , 30^ and 
a b* c c a- b c d e f
32 were changed. Then the numerical magnitudes of items were 
altered but the same levels of difficulty were maintained. So 
from these changes the Ph.I.T. Form B (Appendix G) was devised.
The reliability coefficients of the tests, by using the 
Pearson correlation formula, were found to be:
0.91 for the multiple choice part
0.80 for the completion part
0.93 for the test as a whole.
The reliability coefficients of the tests, by using the 
Kuder-Richardson formula (Lewis, 1973, 189) were found to be:
0.88 for the multiple choice part
0.80 for the completion part
0.93 for the test as a whole.
The test was ready to use in the main investigation.
3.3 THE CONSTRUCTION OF THE PROGRAMMED MATERIAL (THE PROGRAMME)
This is not the place to explain what is meant by programmed 
instruction, its essential rules, its types, its relations with other 
teaching methods, its advantages or disadvantages, its efficiency, etc.
The purpose here was to use this individualised method by 
constructing a programmed text and attempting to facilitate the study
of certain concepts in physics which are prescribed for the pupils 
of the first secondary classes. The intention then was to study 
its effect on pupils conceptual levels, and finally to compare 
its effect with that of other teaching methods.
To facilitate teaching, it is important to introduce and
to organise materials and media which enable the learner to enjoy
learning and to give an opportunity to be active, "without this 
activity there is no possible didactic or pedagogy which significantly 
transforms the subject" (Piaget, 1964, 185). Raven (1974, 251) 
has got a quite positive indication that Piaget's logical 
operations can be facilitated through the use of programmed instruction. 
Skinner (1968, 10) has shown that behaviour may be shaped by 
rewarding a successful performance of an operation (Billing 
and Furniss, 1973, 79). The learner is allowed to know at once 
whether or not his responses are appropriate (Lange, 1967, 23).
This can be done by using a sequence of steps (frames) in what 
is called a linear programme.
To construct such a programme, there are different routes
of procedure, but any route usually concentrates upon improving
the efficiency of the programme. The following will explain 
briefly the steps which took place in preparing it:
3.3.1 Selecting the topic level:
Usually the level of the topic must be related to the 
conceptual level of the learner (Meacham, 1964/1965, 96), but 
because it is difficult to estimate the conceptual level of 
the pupil in advance, it was necessary to assume that the 
demand level of the prescribed physics concepts were in 
reality related to the conceptual level of the learners (Farraj,
1971, 206).
The topic included five physics concepts which are: speed, 
velocity, acceleration, force and mass.
3.3.2 Stating the objectives:
Learning can be defined as a change in behaviour which is 
observable and measurable. Objectives are concerned with what the 
learner will be able to do after studying the programme. It is 
not easy - for the programmed constructor - to specify the 
objectives, but to do so, it is necessary to delimit accurately 
the final behaviour level of the learner by using operant 
measurable terms (Pocztar, 1972, 80-81). Each objective describes 
what the subject can do once the concept has been taught. Operant 
terms were used, such as: define, state, explain, calculate, solve, 
classify, deduce, etc.
The programme had 12 objectives on the speed concept, 5 
objectives on the velocity concept, 13 objectives on the acceleration 
concept, and 15 objectives on the force and the mass concepts.
These objectives .are:-'
(1) Define speed
(2) State units of speed
(3) Explain the variations in straight movement from time
tape
(4) Define uniform speed
(5) Define variable speed
(6) Define an average speed
(7) Calculate an average speed from time tape
(8) Calculate an average speed from the graphical relation
between distance and time •
(9) Calculate an average speed fron consecutive distances
and the period of time required to cover them
(10) State the practical steps used to discriminate between
uniform and variable speeds
(11) Deduce the kind of speed change from a graph
(12) Calculate the area under a (speed-time) graph (it 
represents a distance traversed by a moving object)
(13) Define velocity
(14) State the units of velocity (in S.I.U.)
(15) Classify scaler and vector quantities
(16) Define average velocity
(17) Calculate average velocity
(18) Define uniform acceleration
(19) Define variable acceleration
(20) State the units of acceleration
(21) Calculate the magnitude of uniform acceleration from a 
block graph made from time-tapes (graphically represented)
(22) Calculate the slops of the curve (speed-time)
(23) Deduce the relationship between acceleration and slope of 
the curve (speed-time)
(24) Calculate the acceleration from a graph, when:
a. the change in speed is increasing uniformly with 
time
b. the change in speed is decreasing uniformly with 
time
c. the speed is constant with time
(25) Calculate the distance traversed by a moving body from a 
graph (which represents a uniform acceleration of a moving 
body) by using mean speed formula or any other formulae
(26) Deduce the relationship between distance traversed by 
an object moving in a uniform acceleration, its initial 
speed, its acceleration and the time required to traverse 
that distance
(27) Solve problems using the formulae which include the 
relationship between distance traversed by an object 
moving in a uniform acceleration, acceleration and both 
initial and final speeds
(28) Calculate the total stopping time, total stopping distance, 
thinking distance, stopping distance, and stopping time
(29) Calculate the acceleration due to gravity practically, by 
using a stroboscope
(30) Solve problems on free falling objects, by calculating 
the final speed, time required to arrive to the maximum 
height, ascending and descending times, and the maximum 
height of the thrown object
(31) Define force
(32) Specify the unit of force
(33) Specify the unit of mass
(34) Specify the unit of weight
(35) State Newtonfs first law of motion
(36) Deduce the relation between the constant force exerted 
on the object and its acceleration
(37) Deduce the relation between the object’s acceleration and 
its mass when moved by a constant force
(38) Deduce the relationship between the object’s mass, 
object’s acceleration and the force exerted on it. (Newton’s 
second law of motion)
(39) State Newton’s second law of motion
(40) Define the object’s mass
(41) Define the object’s weight
(42) Define the kilogram (kg)
(43) Define the newton (N)
(44) Calculate the mass and weight of an object at two 
different places
(45) Solve problems on Newton’s second law of motion and 
connect it with the laws of motion.
3.3.3 Stating the teaching points:
The teaching point is an essential unit in analysing subject 
matter and in determining an objective. A  teaching point can be 
a definition, formula, law, equation, etc. and it has an integrated 
idea (El-Kalla, 1969, 106).
The first draft of the teaching points needed for the five 
concepts included 77 points, while in the final version, the 
teaching points had expanded slightly to 80 (see Appendix H ) .
These were confirmed by consulting three people who have had 
extensive experience in programmed instruction and in physics 
teaching, and some changes in the order were made.
To study the logical sequence of these teaching points, 
the Davis matrix method was used. "The objective of this 
technique is to provide an analysis of the contents of the 
sequence, an analysis, that is, of what separates initial and 
terminal behaviour" (Pocztar, 1972, 101). The relations 
between all the teaching points were identified and distinguished 
according to whether they are associative or discriminatory to 
all concepts included in the programme (Thomas et al, 1963, 44-59). 
This depended on the idea that concepts are learnt by means of 
these two types of operations (association and discrimination).
If there is an association (strong relation) between a teaching 
point and another one, the square which identifies these two 
teaching points is blackened; if there is only a relation 
the square identified is shaded; if there is no relation of 
association between them, the identified square blank is 
left blank.
It was difficult to determine the relation between teaching 
points. This depended merely on the investigators experience 
and understanding of the specific concepts in detail and with 
accuracy. The investigator got this experience from the earlier 
construction of four programmed physics text books, in addition 
to undertaking research for an M.A. in programmed instruction 
(Haj-Issa, 1974).
To explain the idea of the matrix, and the logical 
sequence of the teaching points, consider the following example.
A  matrix with equal number of rows and columns (80 rows and 80 
columns), was drawn (see Appendix I). Then the relation between 
the first teaching point, which is "bodies around us move on 
different shaped routes, straight, circular and in vibratory 
movements", with the second, third . . . . 80th was studied.
For example, there is no relation between the first teaching 
point and the 16th, 23rd, 64fth points. But there is a relation 
between the first teaching point and the others, but not a 
strong relation. In studying the relation between the second 
teaching point, which is "the description of a bodyfs movement 
as fast moderate and slow is not as accurate statements and has 
no clear scientific signifiance," and the third teaching point 
which is "the number that we read on speedometers scales means 
that the car can move a distance within one hour (on condition 
that the speedometer keeps pointing to the same number during 
that one hour)", it was found that there was a strong relation 
(association), because both teaching points related to the 
speed concept.
If a sequence for all teaching points, which gives some 
condensation to the blackened and shaded squares around 
the diagonal, is otained, the sequence and the relations are 
satisfied. In contrast if one gets the blackened and 
shaded squares scattered far from the diagonal, the teaching 
points have to be arranged to get a satisfactory matrix.
Looking now at the matrix (Appendix I) which was finally 
produced, a general idea of that sequence and those relations, 
can be obtained.
3.3.4 Writing the programme:
When writing the programme, the objectives, the order of 
the teaching points, and the need for suitable language were 
taken into account. Skinner believes that the frame is the 
essential unit of the programme and it consists of stimulus-
response-feedback (Meacham, 1964/1965, 97) (Shram, 1966, 90, 
Trans.). The linear style was used because it is well known 
(Davey and Donnell, 1969, 13) and easy to use. About 95% of 
all programmes constructed, are linear (Shram, 1966, 2, Trans.).
Attempts were made to use appropriate responses (terms,
scientific expressions, etc.), such as straight, circular,
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vibratory, Km/h, cm/s, cm/s , uniform, variable, average speed, 
instantaneous speed, etc., and to use several types of frame. 
Gilbert (Thomas et al, 1963, 67-68) and Shram (1966, 90-92) 
proposed a classification of frames such as:
• Lead-in Frames: which orientate the student to a problem 
and prepare him for new information. For example the frames from 
(6-1) to (35-1), 1-2 to 6-2, 1-3 to 10-3 and 1-4 to 14-4, 
involving the notion of speed commonly known as slower, quicker, 
etc., connected with the reading on the speedometre. Thus the 
pupils are familiar with it and remember the time and distance 
concepts, which they have studied in order to acquire new 
information about the speed concept.
• Augmenting Frames: which supply new information to a 
student but do not require him to make any specific response.
For example frames No. 6-1, 10-1, 37'-l, 90-3, 112-3 and 
109f-4.
• Interlocking Frames: which revise previous information 
whilst presenting new material. In this way the interconnections 
are established. For example 16-1, 7-2 and 112-3.
• Rote-Review Frames: which pose problems identical to 
those presented earlier. For example frames No. 16-1, 79-1 to 
90-1, 39-2 to 45-2, 141-3 to 162-3 and 153-4 to 167-4.
• Restated Review Frames: which require the rehearsal of 
a skill where the problem is restated in a different way. For 
example frames No. 29-1, 30-1, 14-2 to 19-2, 20-3 to 22-3 and 
19-4 to 24-4.
» Delayed Review Frames: which allow for further practice on
material which has been previously learnt. For example the 
frames No. 65-1 to 78-1, 132-1 to 139-1, 33-2 to 38-2, 137-3 
to 140-3 and 168-4 to 200-4.
* Fading Frames: which previous material is re-presented, and 
the support of prompts or cues is gradually withdrawn. For example 
frames No. 1-1 to 2-1, 3-lto 5-1, 3-2 to 4-2, 13-2 to 15-2 and
1-4 to 4.4.
e Generalising Frames: which point to a common characteristic 
of several specific problems which the student has previously studied. 
For example frames No. 36-1, 38-1, 53-1, 54-1, 12-2, 11-3, 49-3,
15-4 and 18-4.
* Specifying Frames: which exemplify a general rule in a 
specific case. For example frames No. 45-1, 53T-1, 53"-l,
17-2, 18-2, 36-3, 45-3, 101-4 and 139-4.
* Discrimination Frames: which serve to teach a student 
to discriminate between stimuli which have become confused in 
his own mind. For example frames No. 13-2, 27-2, 29-3, 12-3,
35-3, 71-3, 129-4 and 132-4.
t Skip Frames: the student is asked a direct question on a 
topic and if he answers it correctly, is instructed to skip ahead 
in the sequence developing that topic. For example frames 
No. 22-1, 43-3 and the panels No. 94, 96, 97, 98, 100 and 102.
* Copy Frames: which require a student to copy out a word, 
definition or formula. For example frames, No. 41-1, 59-1, 7-2,
22-3, 32-3, 15-4, 19-4 and 111-4.
e Key Frames: which are frames from which prompts have 
been completely removed. For example frames No. 27-1 to 34-1, 
17-2 to 19-2, 89-3, 137-3, 9 7 ' - 4 a n d  113-4.
On reviewing these kinds of frame, it is very difficult to 
draw a clear line between one kind and the others. Specific 
frames can be classified in different ways at one time. However, 
it was important to use different kinds of frame to avoid 
boring the pupils during their learning.
Also during the writing of the programme, two kinds 
of prompt were used; first the Tematic Prompt which depends on 
the meaning of the frame such as frames No. 2-1, 11-1, 6-2, 26-2, 
2-3, 10-3, 21-4, 37-4;and the second the Formal Prompt which 
depends on the shape of the required response, such as formula 
or number of letters in a word, for example, frames No. 1-1, 21-1,
2-2, 3-2, 32-3, 71-3, 1-4 and 167-4.
3.3.5 The Flow Chart:
Once the programme had been written, it was necessary to 
ensure that (a) it had suitable frames for all teaching points 
(b) the prompt at the end had been omitted (c) there were no demand 
responses before a concept had been taught (d) if there was a
summary at the end of each conept. So a flow chart for all the
teaching points was drawn up (Appendix J ) . In this flow chart 
it is seen that, for each teaching point there are around 3-10 
frames. Thus teaching point No. 15 has about 36 frames (it is 
about average speed), teaching point No. 38 has 17 frames (it 
is about discriminating between mass and weight) and teaching 
point No. 74 which has 45 frames (it is about connecting Newton1s 
second law with motion laws).
Large number of frames are used for two reasons:
a. these teaching points are most important for the pupil 
at that stage;
b. the physics text book in Kuwait has a lot of different 
problems on these teaching points, so the pupils who used
the programmed material were able to train with the same 
kind of problems as the other two groups.
At this stage the total number of frames was 561 and 
the number of teaching points were 80 so the average frames 
for each teaching point was 7.
3.3.6 The Jury:
After the programme had been written it was sent to 
nine experts in different fields related to this work (see their 
qualifications in Appendix V).
The experts were asked to provide comments of any flaws 
in the following area:
a. whether the physics terms were used in the right 
context;
b. ambiguity in each frame;
c. illogical sequence, for all frames in each concept, 
and in the programme as a whole;
d. insufficient explanation of some teaching points;
e. teaching points which have been over-explained;
f. questions on a teaching point which has not been 
taught earlier;
g. errors in grammatical structures.
After about two months, very useful comments were collected 
such as the following:
1. the definition of force was incomplete;
2. there were faults in the solutions of some problems;
3. some concept units were missing, or wrongly written;
4. some expressions were not clear enough in about 20 frames;
5. some panels have more than one explanation.
All comments were considered after discussing some of 
them with the experts concerned, and the programme made ready to 
apply to a small group of pupils.
3.3.7 Trying the programme on a small number of pupils:
In the pilot study (from 20th March to 17th April 1976), 
the programme was applied to nine pupils from the fourth grade in 
intermediate schools. Those pupils were divided into three groups, 
according to their I.Q.'s and the opinions of the headmaster and 
teachers were that they were cooperative was taken into account. 
Their I.Q.fs were:
130, 126, 125 for the first group
118, 108, 105 for the second group
95, 90, 78 for the third group.
Before applying the programme, the pre-test "Ph.I.T." 
was applied in order to determine their prior knowledge. All 
of them got zero.
Individual interviews were organised, each one went through 
the programme sequence item by item for 30 minutes in a session 
conducted in a special laboratory which had all the equipment 
necessary for use of the programme. Each pupil was provided with 
some paper and left to work at his own pace. Assistance was 
given when anyone was faced with some difficulties in understanding 
or in solving problems.
After the first group had finished the first session, the 
frames in which errors were made (Appendix S), were modified before 
the administration to the second group, such as in these four 
frames which were:
1-1 Objects move around us with different kinds 
of motions. If seeing a swing move to and fro, 
we describe this motion as vib motion.
2-1 If we see a car going in a straight line, we 
describe this motion as 1
vibrational
3-1 If we see, in amusement centres, moving 
objects drawing circles in the air, we 
describe this motion as cir.......  motion.
linear
16-1 As we have already said that numbers on 
speedometres are numbers we are familiar with. 
Now we ask about the scientific meaning of these 
numbers, or what we mean by saying, "the speed 
of a car is 70 km/h". This means that the 
car can traversed. . . . km in a time of . . . .  
(but it is necessary to the indicator of 
speedometre to still indicate to the number 70 
in an interval of time of 1 hour)•
circular
70, 1 hour
These four frames were modified and the frame 3-1 added; 
thus, they became as follows:
1-1 Bodies around us move on differently shaped routes or 
tracks. If a car moved in a straight line, we 
describe its movement as straight, because it moved 
in a straight line. Sometimes, movement is referred 
to as linear, for linear movement means that the 
moving body has followed a track whose shape is 
s
2-1 Thus if a rocket left the earth’s surface and moved,
through the first stage of its movement, in a straight 
line, we call this movement: a . . . . . .  movement.
straight
3-1 On this basis, if in an amusement centre we observed 
bodies that move in the air and draw a circle then
we can say that these bodies make a c______
movement.
straight
3 f-l But if a body made a vibrational movement, i.e. moved 
to and fro like the movement of the swing or as in 
the movement of a branch or a resonating fork, 
the movements of such bodies take place in two 
opposite directions, so it is described as a 
v movement.
circular
(rotational)
16-1 We have so far discussed the numbers on speedometers 
as being familiar numbers in our daily life; let us 
now investigate their scientific significance. What 
do we mean when we say that the car is moving with a 
speed equal to 70 kilometers per hour? This means 
that the car can move a distance of 70 kilometers 
within one hour (on condition that the speedometer 
keeps pointing to the number 70 during the period
vibratory
'
which is equal to one hour). On this basis, if 
we noticed that the speedometer indicates the number 
90, this means that if the pointer kept 
indicating the same number, then the car will be
able to cover a distance o f ............kilometers
within a period of . . . . .  .
The difficulties in these frames having been 90, one hour
removed, then the programme tried with the second 
group. This group faced with some difficulties 
in understanding the frame 20-1, which was:
20-1 We call the reading of a speedometer’s in any 
moment (instant), the instant speed. So when 
we read on the speedometre the number 60, this 
means that the speed of the car in that moment 
i s ....... .
And which became: 60 Km/hr
20-1 The number indicated on the speedometre at a 
certain moment is called the instantaneous speed. 
When we read on the speedometre of a car that the 
number is 60, this means that the speed of the car 
at that instant is 60 kilometers per hour. On 
this basis, if the speedometer of the car indicates 
the number 75, this means that the instaneous speed 
of the car is equal to ........
75 Kms/hr
The difficulty with the frame 20-1 had been removed when 
the second revised version was used with the third group, but a 
difficulty appeared in the frame 29-1 which was:
29-1 If the distance between a pupil’s house and his 
school 0.7 Km, this means that this distance 
is equal ....... m
But when we changed 0.7 to 0.5 the pupils of the 
group solved the problem easily, so the new 
frame became:
700
29-1 If the distance between a pupil’s house and his 
school is 0.5 Kilometers, this means that this 
distance = ......... meters.
r •
All modifications were completed in the same style
0.5 x 1000 
>  500
On
trying the programmed material, it was found that some colloquial 
words had been used to explain some meanings e.g. a swing, a brake, 
and it was necessary to change some words. Thus "familiar" 
became "know", "discriminate" became "differ", "dispute" became 
"discuss". Then it was noticed during the applications that there 
were some panels which needed separating into more than one, such 
as panels 1, 2, 5, 11, 15, 16, etc., because the subjects were 
asked to refer to each one more than once.
The total required time for the nine pupils was 149.5 hours, 
so the average time required for each pupil to study the programme 
was about 16.5 hours. On the other hand, the allotted time for 
these five concepts was 11 hours (El-Nagib et al, 1974/1975,
44, 64, 94). It seemed that the allotted time was not enough 
for the teaching these five concepts by this method. Also the 
results of the questionnaire (Appendix R ) , which was collected from 
56 physics teachers of the first grade in secondary schools in Kuwait,
indicated that the real average time required for teaching those 
five concepts by the traditional method, was about 28.5 hours 
(including the testing time).
The 16.5 hours in equal to about 22 lesson periods (each 
period is of 45 minutes). The first grade classes have two 
lesson periods a week, that means about 11 + weeks are needed.
After the pupils had finished studying the programme, 
the "Ph.I.T.", (the penultimate version) was administered as a 
post-test. The results indicated that this group learned well and 
most of the pupils seemed to enjoy working through the programme
i.e. some of them who had to come to the class twice daily, asked 
to come more after. The "Ph.I.T." had 67 items, and its results 
indicated (see table 3-14), that 35 items got full marks 
(9 marks) and 7 items got 8 marks, etc. It was necessary to know 
on which items the pupils could not obtain high marks, and 
to search for the reasons, especially those which are related 
to the programme construction.
TABLE 3-14 
The Distribution of Items’ Marks
Total Marks 9 8 7 6 5 4 3 2 1
No. of Items 35 7 12 6 3 2 2 0 0
It can be seen that two items had the lowest mark (3 marks). 
These were 20£ and 20^ which dealt with a problem of the calculation 
of:
20^: the required time for stopping, after applying the brakes.
20^: the overall stopping time.
These two items were related to the objective No. 28 in the 
acceleration concept, or related more specifically to the teaching 
points No. 52, 48, 49 and related to the frames No. (92-3), (93-3), 
(94-3), (95-3), (97-3), (99-3), (102-3), (156-3), (158-3), (166-3). 
These teaching points had a minimum number of frames, therefore the 
pupils may not have enough training on these teaching points. The 
pupils, in general, had difficulty in dealing with mathematical 
operations, so the frame 94'-3 and the panel 41* were added.
The items for which each pupil had 4 marks, such as items 
No. 23^  were examined. Item 17j j j  was on calculations
of acceleration from a graph. This item was omitted because there 
were two items in the test on this point. After trying both items 
on a large number of pupils, it was noticed that item No. 15 alone 
was enough. Item 23^ was about the calculating of frictional force
i.e. solving a problem on the Newton’s second law of motion and 
connecting it with the motion laws, which was related to the teaching 
point No. 74, and related to the frames from (139-4) to (152-4), 
and from (168-4) to (200-4). The pupils had had a lot of training 
for this objective. It was not thought that there was any flaw 
in the writing of the item, but perhaps it was of a high level 
(because the most able pupils solved it), or presented a problem 
in computing.
The items, each of which received 5 marks were items No. 10^4* 
20c and 32. (a) The item 1 0 ^  was about the calculating of average
speed from a tape-timer, and it was noticed that the.pupils faced 
difficulty when they tried to calculate the total required time 
from the tape-timer (if given the frequency of the ticker-timer) .
It was seen from the results of the post-test that all nine pupils 
defined average speed correctly (item No. 3), also all nine pupils 
could calculate average speed from the graph (item No. 12). Perhaps 
the reason for difficulty in calculating of average speed from
a tape-timer, was due to the difficulty (which most of the pupils
faced) with calculating the total required time from the tape-timer.
So the decision was taken to omit this item, -.(b) The item 20 , about
c
calculating the overall stopping distance, relates to the teaching 
point No. 51 and frames (96-3), (97-3), (98-3), (99-3). (100-3),
(101-3), (166-3). The number of frames was apparently adequate, 
and the item is clear, so the decision was to try it again during 
the standardisation of "Ph.I.T.". (c) The item 32 relates to the
objective No. 7 in the acceleration concept which is about "deducing 
the relationship between distance (traversed by an objective, 
moving in a uniform acceleration), initial speed, its acceleration 
and the required time to traversed that distance", and relates to 
the teaching point No. 46, and to the frames: (76-3), (77-3), (78-3), 
(79-3), (80-3), (81-3), (82-3), and (83-3). This item is of a high 
level (because the highest IQ pupils solved it), so the investigator 
left it for the purpose of discrimination between pupils.
The items which each got 6 marks, were: 1 0 ^ >  -^iil* ^0^,
26, 27. (a) The item 1 0 ^  was about calculating average speed
from the tape-timer, and what can be said here is the same said 
as for the item 1 0 ^  (i«e.« to omit this item), (b) The item ISj j j  
is about calculating acceleration from a graph in general, and in 
particular it relates to the calculation of the negative magnitude 
of acceleration (i.e. deceleration). Comparing this result for this 
item, with the same content as items 15j, 1 5 ^  (which each got 8 marks), 
the reason seems to be because the pupils were confused with the 
sign, or that they sometimes neglected it in the answer, (c) The 
item 20^ is about deducing the overall stopping distance, if any 
collision occurs when a car faces an obstacle in its way. It is 
seen that this item depends on the answer to the previous item.
Five pupils who solved the problem in the item 20 ^ gave the correct 
answer to the item 20^ and the second pupil gave the answer of item 
20^ correctly at random, because he had not solved the problem in 
item 20c . Thus although the item 20^ is a unique true and false item, 
it was decided to omit it. (d) The item 26 is about the definition
i
of variable speed, and it is related to the objective
No. 3 and to the teaching point 12, more specifically it
is related to the frames No. (53-1), (53f-l), (56-1), (68-1), (72-1),
(77—1), (87-1). This teaching point appears to be of a high level 
(because the more able pupils solved it). Item 26 is at the same 
high level as item 27. (e) The item 27 relates to the objective
No. 1 in acceleration concept, and it relates to the teaching point 
number 37 which relates to the frames: (18-3), (34-3), (36-3), (44-3), 
(45-3), (46-3) and (145-3). These frames for this teaching point, 
seemed to be adequate. In addition that the learner extended experience 
in uniform acceleration by studying the acceleration due to gravity 
(which is also uniform).
The items which got 7 marks are: 5, 7, 8, 1 0 a 3 > ^ b 2 ’ ^ a ’
1 1 ^ ,  13, 17j -j-, 18, 21^, 36^. (a) The item 5 was about the definition
of the average speed, the pupils who did not get this item correct
were confused between the two alternatives A  (which is correct) and
c (which considers the total time required, as the time required for
moving only). This item relates to objective 6 and to the teaching
s
point 15 which had 45 frames, so there was no problem with the programmed
material related to this item, (b) The item 7 was about the
definition of the velocity which relates to objective 1' ■ and to the
teaching point 25 which had 7 frames, (c) The item 8 was about the
statement of Newton*s first law of motion which relates to objective
^FM anc* to t*ie teachin 8 points 61 which had 9 frames. (d) The item
10 became 17, in last version of Ph.I.T. This item relates to the 
a3 b
objective 7 and to the teaching point 15 which required a calculation 
s
of the average speed from time-tape. This item, together with 6g , 
had 45 frames, but the problem with this item was that the pupils 
were faced with difficulties in deducing the total time required from 
the time-tape. (e) The item lla was about the calculation of the area 
under a speed-time graph (it represents distance travelled by a moving 
object). This item related to the objective 18 and to the teaching
cL
point 20 which had 8 frames. (f) The item 1 1 ^  was similar to items 
11^2> Hfc4 » -^b5 Sot 9 marks. These items called for
deduction of the kind of a speed change from a graph, (g) The items 
13, 18, 21^, 36^ related to the calculation of: the average
velocity, the slope of the curve speed-time, the acceleration from a 
graph, the acceleration due to gravity, the final speed of free 
falling objects respectively. All these teaching points had more than
7 frames each, but it was seen than the errors occured with the lowest 
group, and were in computation.
The items which got 8 marks were: 1 0 ^  15^, 5^ -^, 17j, 30,
34, 35 related to the calculation of: the average speed from a graph, 
the mean speed, and the definition of the weight, and the calculation 
of: the acceleration due to gravity, and the weight in two 
different places. Also all these teaching points had more than 7 
frames and the errors occured with the lowest I.Q. group and, in 
general, were in computation.
3.3.8 The density of programme:
The density of a programme is defined as the ratio of infrequent 
correct responses to correct responses of a programme (El-Kalla, 1969, 
117), i.e.
, , . Infrequent Correct Responses
e ensi y « programme’s Correct Responses
The infrequent correct responses and all correct responses at the 
beginning and at the end of writing the programme, are listed 
in table 3-15. It can be seen that the density of the programme 
was 0.07, which is very good and also from the same table a general 
picture can be obtained about the characteristics of the programme 
before and after the internal evaluation, which includes all last 
ten steps described.
TABLE 3-15 
Characteristics of the Programme
Characteris tics Concept
Total
Speed Velocity Acceleration Force + Mass
No. of Frames b* : 140 52 168 201 561
a**: 149 52 168 202 571
No. of Correct b : 172 59 205 216 655
Responses a : 179 58 203 216 656
No. of Infrequent b : 12 8 19 10 49
Correct a : 11 8 19 10 48
Responses
Density of the b : 0.07 0.14 0.09 0.05 0.07
Programme a : 0.06 0.14 0.09 0.05 0.07
No. of Panels b : 15 4 52 32 103
a : 24 14 60 32 130
Practical b : 2 - 4 3 9
lessons a : 2 - 4 3 9
b* : before 
a** : after
So the programme in this stage was ready for printing, 
application to a large number of pupils to study the learning out-come 
of the pupils, and the attitudes of both pupils and teachers towards 
it. These last steps are called the external evaluation of the programme.
3.4 THE CONSTRUCTION OF THE TEACHER’S GUIDE BOOK FOR THE
DISCUSSION METHOD
The purpose of using the discussion method, which is group 
teaching, was to attempt to facilitate to study of certain concepts 
in physics which are prescribed for the pupils of the first secondary 
classes. The study of its effect on pupils’ conceptual levels 
could be undertaken as well as the comparison of its effect 
with those of other teaching methods (see Appendix K ) . The 
discussion method has been used successfully in many studies, 
such a technique having proved its effectiveness by giving the 
pupil an approved opportunity to actually participate by not 
only by listening, but by talking, and applying ideas (Abercrombie, 
1974, 156).
Before beginning the construction of the Teacher’s Guide 
Book for the Discussion Method, the question: "to whom is it 
addressed and why is it going to be written?" was considered. It 
was written for the physics teachers of first grade classes in 
Kuwait secondary schools, who are very busy in preparing their 
lessons, experiments, and examinations, etc. So it was thought 
necessary to write just a few pages for them about what is meant 
by the discussion method and to propose procedures which they 
could use in their teaching. Also some references which relate 
to this method were included for those who wanted to know more 
about it.
Piaget (1964a, 4) stresses the importance of children’s 
communication in the classroom, and considers that this is an 
essential factor in intellectual development. Piaget believes 
that communication is important because it gives an opportunity 
to the learner to be active. "Learning is possible only when 
there is active assimilation" (Piaget, 1964, 185). "Other 
educationalists like Dalton have since confirmed that students 
learn more rapidly when they are actively participating",
(Callender, 1969, 3). So the planning in the construction of the 
Teacher's Guide Book for the Discussion Method was concentrated 
on some explanations and propositions of procedures which, if the 
teachers used them, would give an opportunity to the subjects 
to be more active learners, and would help in developing the 
ability of verbal communication. Harlen et al (1977, 152) have 
stated that "the ability to communicate verbally is important to 
all children's learning and to all parts of their learning".
The meaning of discussion method used in this investigation 
was of a dialogue between a group of people in which ideas and 
thoughts are exchanged, resulting in a strong interaction which 
will eventually lead to the understanding of the subject matter 
under study (El-Dib, 1974, 165).
The investigator tried, through the teacher's guide book 
to explain: what is meant by the discussion method, its importance, 
seating arrangements, the recording of the sessions, the place 
of experimental work and when it should be used. Steps for teaching
physics by use of the discussion method were suggested. These
steps were classified as follows:
a. Preparation for the discussion session: this step
includes:
1. the choice of an appropriate problem;
2. the choice of an appropriate style in which the
problem could be presented;
3. preparing a set of questions;
4. preparing and testing of all necessary tools and 
equipment;
5. preparing homework to be given to the pupils.
Each of these steps were followed by an example.
Points that were to be taken into consideration during
a discussion session, such as:
1. the consideration of the difference between 
individuals;
2. the handling of noisy pupils;
3. the creation of a democratic spirit among the 
members of the discussion group;
4. showing good personal behaviour;
5. approving all desired behaviour;
6. the presentation of the problem in clear language 
and good style;
7. giving the pupil plenty of chance to talk;
8.. organising the discussion among the group;
9. training the pupils to consider different solutions
10. the acceptance of difficulties that may be 
encountered in the early discussion sessions;
11. the style of presenting a problem to pupils in 
discussion.
These steps were also each followed by an example.
c. Evaluation of the outcome of the discussion session.
The intention of evaluation in this instance was to find 
the extent of achievement of was declared objectives, by examining 
the pupils orally, in writing, or practically, to discover their 
understanding of definite teaching points which were derived 
from the particular objectives. From the test results those 
teaching points that were completely appreciated and those 
which were not acquired during one session (or sessions) of 
discussion by the majority of the group could be found.
Examples were given at the end of this point.
Finally, some major points were suggested for close 
attention when using the discussion method. These points were 
formulated as questions to the teachers t o 'check their understanding 
and the steps they were going to use. Here are the questions:
1. Have you realised what we meant by the discussion method?
2. Can and will you prepare a problem for the discussion method
with your own pupils? (On condition that the problem should
be soluble by the majority of the group)?
3. Are you completely convinced of the necessity of previous
preparation of the necessary instruments and apparatus 
required and that the experiments should be developed in 
enough time beforehand to avoid any failures?
4. Are the audio-visual aids suggested for use with the
group, large enough so that all members can clearly see?
5. Will you give preliminary homework to the discussion
session?
6. Will you be sure before starting the session, that all
pupils have put their badges at their chests?
7. Will you make sure before starting the session that all 
the necessary instruments and equipment are available 
in the classroom (or in the laboratory)?
8. Will you explain the aim of recording the discussion 
sessions to your pupils?
9. Is the problem to be discussed clear and soluble?
10. Are you prepared to talk in the group for less time 
than you usually do so?
11. Are you going to present the problem in a loud,clear 
voice?
12. Are you ready to give the pupil ample opportunity to 
express himself for the subject problem you pose?
13. Will you handle some individual pupils in the group, 
particularly those who go beyond the limits of the 
problem under consideration without roughness, i.e. gently 
and quietly?
14. Will you try to vary your expressions?
15. Are you going to use the "hint11 style and furnish the pupils
with helpful information for a solution in case they fail?
16. Are you going to reinforce the desired behaviour so as 
to defeat the undesired behaviour?
17. Are you going to have the majority of your class pupils
a share in the verbal discussion and in practical experiments?
18. Are you going to use any mistake occurring in the solving
of a question or a failure of an experiment to find out
the reason by a reasoned approach?
Will you try to summarise what has been taught and 
combine it with that which is being taught?
Are you going to call every pupil by name when ever he 
asks permission to talk?
Are you ready to take it easy and not give answers for 
the problem until all the groupfs individuals present 
their ideas and attempts on solving the problem?
Are you going to avoid ridiculing a mistaken or misbehaved 
pupil in the discussion group?
Are you going to encourage the serious pupil at the 
appropriate time?
Are you going to treat the whole group according to a 
fixed standard of behaviour?
Are you going to ignore simple casual behaviour in the 
classroom?
Are you going to understand the individual differences 
between pupils and consider it as natural?
Are you going to find out the circumstances of 
misbehaving pupils?
Are you persuaded of the need to create an atmosphere of 
democracy among the discussion group?
If most of your answers for the previous questions are 
"Yes", that means you are trying to create a suitable 
climate for the discussion group, i.e. one which helps 
with learning.
At the end of the Teacher1s Guide Book, it was explained, 
that the purpose of the discussion method was to succeed in 
building up behaviour and not only to succeed in imparting information. 
"Behaviour modification programs might be applied effectively to 
behavioural styles in the classroom which have been shown to 
influence the development of essential academic skills" (McKinney,
1975, 203).
The improvement of the teacher's guide book:
After the teacher’s guide book had been written, two 
experts in science education and physics revised it and discussed 
some points with the investigator. The comments concentrated 
upon: changing some terms with which the teachers were not 
familiar, changing the order of some paragraphs, omitting some 
quotations, explaining some points more fully, giving more 
examples, and avoiding the repetition of ideas, etc.
Fore these comments the teacher's guide book was modified. 
Subsequently the two experts considered that it had been improved.
During the training period of the physics teachers in 
Kuwait on the discussion method (September and October 1976), the 
teacher's guide book was being given to them and to their physics 
inspectors. Each teacher was asked to prepare a problem and 
present it by the discussion method to the whole class in front of 
his colleagues. At the end of each lesson there was a discussion 
between the physics teachers. The teachers were faced at first 
with some difficulties in talking less and giving more opportunity 
to their pupils to talk. In the light of this training period, 
the teacher's guide book was revised again, then printed (Appendix K ) .
3.5 THE CONSTRUCTION OF THE QUESTIONNAIRES:
The purpose from these questionnaires was to collect the 
views and attitudes of teachers and pupils towards the programmed 
learning and discussion methods. The questionnaires were:
1. Questionnaire No. 1 : Programmed Learning (Teachers);
2. Questionnaire No. 2 : Programmed Learning (Pupils);
3. Questionnaire No. 3 : Discussion Method (Teachers);
4. Questionnaire No. 4 : Discussion Method (Pupils).
It was necessary to construct these questionnaires in clear 
language to avoid misunderstandings. The questions had to really 
measure what they claimed to measure. In attitude questionnaires, 
it was not satisfactory to rely on single questions, but to have 
sets of questions (Oppenheim, 1976, 73). The style used in 
the construction of these questionnaires was based on the Likert 
scale (Lovell and Lawson, 1970, 105) (Oppenheim, 1976, 135), with 
five degree of agreement, "strongly agree, agree, not sure, 
disagree, strongly disagree", in addition to a few open ended 
questions.
3.5.1 Questionnaire No. 1:
In this questionnaire (Appendix L ) , it was explained, to 
the teachers supervising the programmed instruction sessions, the 
purpose for applying it. Sets of questions (40 questions) were 
concentrated on the following sections:
1. statements on programmed material, such as: its language, 
punctuation, frames' order, chapters' order, use of 
scientific terms, the sufficiency of examples the use
of prompts, printing material, the style of writing, 
level of contents, and the definitions of the specific 
objectives;
2. procedures of application, such as: the pupils interest, 
the pupils language difficulties, the pupils motivation, 
the teacher effort made,the time required, the 
implementation of the practical lessons by the pupils, 
individual differences, and difficulties in understanding 
specific frames;
3. opinions and attitudes formed, such as: the possibility of 
using programmed instruction to teaching physics and 
science at different grade stages, human relationships 
and programmed learning, self study (home based) pupils, 
the correspondence method, the need to compensate
for lack of teacher training, absence by the pupils, 
learning to construct programmed materials, advantages 
and disadvantages of using programmed learning, teacher's 
difficulties, suggestions and comments.
After writing this questionnaire, two professors in Kuwait 
University (Psychology Department) revised it and suggested:
(a) changing the structure of some items;
(b) adding 3 items out of 39 items;
(c) rejecting 2 items out of 42 items;
(d) putting, in the beginning of the questionnaire, an
introduction and instructions to explain to the teachers
the purpose of this questionnaire and how they could 
respond to it.
Then an inspector of the arabic language revised it, and modified 
it after some explanation and discussion of the terms used in 
programmed learning.
Ten copies were then typed and applied individually to 
science teachers who were studying for the General Diploma in 
Education, and attended a course about programmed learning. Only 
two asked about some points in the questionnaire; the first 
asked: "what is meant by the logical sequence of the frames 
in each chapter?" and also "what is meant by 'programmed 
instruction that could be used to improve study by the correspondence 
method1?" The other teacher asked: "what is meant by ’the 
possibility of using programmed instruction in rural and remote 
areas, where a single instructor is able to teach several 
classes of different levels simultaneously'?" It was felt that 
the questions in the questionnaire were quite good enough to 
give a general picture of the situations of use of programmed 
learning. In addition, the teachers - during the training and 
application periods - would be more familiar with the terms 
used in this questionnaire.
3.5.2 Questionnaire No. 2 :
In this questionnaire (Appendix M ) , it was explained to the 
pupils who were studying by the programmed instruction method the 
purpose for collecting that information.
This questionnaire includes 24 questions concentrated 
on: the possibilities of understanding the programme, frames order, 
interconnection of the chapters, printing material, sufficiency 
of example, enjoyment, the teacher's help supplied, the teacher's 
importance, the teacher's enthusiasiam, studying in the classroom, 
studying at home, studying both in the classroom and at home, 
studying maths, studying other subjects, self study pupils, study
by correspondence, pupil absence, number of lessons needed,
the times numbers where the teacher had to be asked questions, the
difficulty frames, suggestions and comments.
After the revision of this questionnaire, it was applied 
to the pupils who studied the programme during the first pilot 
study. All statements were clear except for some words such 
as; "logical", "correspondence" and "comments".
3.5.3 Questionnaire No. 3 :
In this questionnaire (Appendix N), it was explained to 
the teachers, who employed the discussion method, the purpose of 
applying it. The questionnaire had 36 questions clustered in 
the following sections:
1. The method: which includes; pupils participation, the 
extent of talk, assertion of individuality, pupils 
intellectual development, the improvement of skill of 
using language, training in thinking, listening to 
others and respect their opinions, clarifying the 
difficult points, the number in of the group discussion, 
individual differences, the atmosphere of democracy, 
pupils behaviour,pupils treatments, the encouragement 
of serious pupil, avoidance of ridiculing pupils, 
giving ample time, avoiding a direct solution to
the problem under discussion, presenting the problem, 
assigning homework, challenging pupils when using 
discussion, time allocated, using discussion with 
other topics, discussion and explaining the most 
difficult points.
2. Recording the discussion sessions: which included 
changes in pupils participations, calling pupils by 
their names and its efficiency, recording, teacher 
motivation.
3. General opinions formed: which included teacher difficulties, 
advantages and disadvantages of the discussion method, 
suggestions and comments.
After revising this questionnaire with the previously mentioned 
three experts, the questionnaire was applied to six teachers whom 
attended the teacher training course in the discussion method.
All of them said that the questions of the questionnaire were clear.
3.5.4 Questionnaire No. 4 :
In this questionnaire (Appendix 0), the investigator explained 
to the pupils who studied by the discussion method the purpose 
in applying it. The questionnaire had 28 questions including 
those on: pupil participation, extent of pupil's talk, the level 
encouragement received by pupils, the improvement of the skill 
in using language, training in thinking, listening to others 
and respecting their opinions, the existence of "comfortable 
atmosphere", clarification of difficult points, the number of 
pupils in the group discussion, individual differences, teacher's 
behaviour, teacher's questions, treatment of pupils, teacher's 
language, identification of pupils, teacher's enthusiasm, using 
the method in teaching modern maths, teaching other science 
topics, teaching theoretical subjects, suggestions and comments.
After revising this questionnaire with the experts 
it was applied to a whole class in Yousif ben-Issa boy's school 
who had studied by the discussion method but who were not in the 
experiment. The pupils asked about the meaning of some words 
such as "participation", "ability", "ridiculed". They also 
asked the reason for the inclusion of a question about modern 
maths and other topics as these were not used in the study of 
physics. They also found difficulty in understanding what was 
required of them when they were asked to comment.
Finally it was decided that the four questionnaire were 
clear enough to get a general picture about the use of these two 
new methods in teaching a concept in physics.
3.6 TEST OF LINGUISTIC INTELLIGENCE:
This test (Appendix T) was used to study the relationship 
between pupil's I.Q. and both conceptual level, and the level 
of understanding of specific physics concepts.
This test was standardised for Kuwait by The Psychological 
Service Department of the Ministry of Education.
The test used was produced from the following three
tests:
1. Secondary Intelligence Test, by Ismail Al-Kabani.
2. High Intelligence Test, by Said Khairi.
3. Zamalic Test by Kamel Al-Nahas, by the following procedure
1. The three tests were added together then applied in order 
to obtain the validity and the reliability indices.
2. The highest score 70 items from the three tests were 
taken and reworded, so all items were in a multiple 
choice format.
3. The test was re-applied, in order to study the items
validity and the internal consistancy, and the best
50 items were taken.
4. The test applied to 10,000 pupils aged between 14-20 years 
from the fourth grade in intermediate school to the 
third grade in the university.
The reliability for each age was calculated by using 
Kuder-Richardson formula 20. It was found that reliability indices 
were between 0.90 to 0.95.
3.7 PHYSICS PROBLEMS:
These problems (Appendix U) were used by pupils who finish 
the whole programme before their colleagues in the classroom.
The investigator constructed these problems with other 
teachers and are given in the book "Al-Misbah" (Haj-Issa et al, 
1975/1976, 37-46, 68-86, 101-104).
The total number of the problems was 40, 7 problems on the 
speed concept, 5 problems on the velocity concept, 22 problems 
on the acceleration concept and 6 problems on the force and 
mass concepts.
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4.1 THE SAMPLE
A  sample was selcted from twelve secondary schools in 
Kuwait in the area which is between the town centre and the 
fifth ring road (see Figure 4-1). The sample was selected 
from this area because the schools are close together, which 
helped in controlling the procedures of the research experiment.
Also, these schools include all the variables which it was decided 
to take into account. Moreover, this area contains more than 
70 percent of the whole population of Kuwait and has twenty- 
four secondary schools with 199 classes and 6,286 pupils 
(Kuwait Ministry of Education, 1977, 58-64).
In order to obtain a sample representative of this area, 
the schools were selected from different sections of the area to 
cover the variables of sexes, nationality, and the expected levels 
of the subjects. Because the distribution of the pupils in classes 
is based on a zig-zag style (a kind of mixed ability grouping such 
that the sums of the I.Q.’s for all classes are approximately equal), 
so the decision was taken to select the classes in each school at 
random according to the number of the classes. For example, the 
classes which were selected from Salah Edeen school were classes 
nos. 2, 4 and 6 (see the circles in Table 4-1). From this 
initial sample, all pupils who had failed their exams in the 
academic year 1975/1976 (N.B. the experiment was conducted in 
1976/1977), or who were absent for the application of tests, 
were rejected. The final sample is given in Table 4-2 and in 
Figure 4-2. From Table 4-2, it is seen that the distribution 
of pupils as classified by sex (girls and boys) and nationality 
(Kuwaiti and non-Kuwaiti), was approximately the same in the 
whole sample and in the three teaching method groups.
The equivalence of the groups in terms of age, I.Q. and 
P.I.T. (total or weighted score) was studied by using one-way 
F-Ratios. The values of F were 2.05, 0.63, 1.93 and 0.85 
respectively (see Table 4-3)
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TABLE 4-1
THE CLASSES SELECTED FOR THE INITIAL SAMPLE
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School Name
The Classes in Each School
1 2 3 4 5 6 7 8 9 10 11
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TABLE 4-2
FINAL SAMPLE, BY SEX AND NATIONALITY
Group
Sex Nationality
Girls Boys K Non-K
Control "Trad.” 
(244)
No.
%
135
(55%)
109
(45%)
113
(46%)
131
(54%)
Exp. 1 "Dis." 
(270)
No.
%
129
(48%)
141
(52%)
136
(50%)
134
(50%)
Exp. 2 "Prog." 
(273)
No.
%
139
(51%)
135
(49%)
131
(48%)
143
(52%)
The Whole 
Sample (788)
No.
%
403
(51%)
385
(49%)
380
(48%)
408
(52%)
X  u p n
60
NK
NKNK
K NK
50
40
30
c 0
20
10
GroupExp. 2 SampleExp. 1Control
FIGURE 4-2 
SAMPLE OF SEX AND NATIONALITY
G : Girls K : Kuwaiti
B : Boys NK : Non-Kuwaiti
TABLE 4-3 
THE EQUIVALENCE OF THE GROUPS
Group
Control 
"Trad." 
N = 244
Exp. 1 
"Dis"
N = 270
Exp. 2 
"Prog." 
N = 273
F
Age (Mean) 15.25 15.17 14.96 2.05
I.Q. (Mean) 96.24 96.29 97.40 0.63
P.I.T. T-S'
22.56 23.74 23.66 1.93
(Mean) w>s_
4.00 4.14 4.16 0.85
This means that there were no significant differences 
between them at the 1 percent level. So these three groups were 
equivalent in terms of age, I.Q., P.I.T., sex and nationality.
4.2 PHYSICS TEACHERS TRAINING COURSE
This course was organized in the period between the 
beginning of September to the beginning of November 1976, for 
the physics teachers in eight secondary schools, where the 
programmed learning and discussion methods were to be used. 
Meetings were held once a week (for three hours) or three times 
a week (for one hour) for each group over eight weeks.
The main points which were discussed with the teachers 
depended on the teaching method to be used:
4.2.1 Training for Teachers who were to Use the Programmed 
Learning Method
The objectives of the training were:
To know what was meant by programmed learning
To explain what was meant by the terms: frame,
stimulus, response, prompt, etc.
To know the procedures which would be used in the 
classroom
To study and discuss the programme's content in 
real situations
4.2.2 Training for Teachers who were to Use the Discussion Method
The objectives of the training were to:
(!) Know what was meant by the discussion method
(2) Study and discuss the content of the teacher’s guide book
(3) Ask each teacher to prepare one problem and to present
it in a real situation
4.3 LABORATORIES AND EQUIPMENT FOR THE THREE METHODS
To organize a suitable environment for the three training 
methods: two laboratories in each of the four schools which were
to use the programmed learning method were prepared, as well as
(1)
(2)
(3)
(4)
one laboratory in two schools which were to use the discussion 
method, and the same in two schools which were to use the 
traditional method. All these laboratories were already 
provided with approximately the same necessary physics equipment.
In schools which were to use the programmed learning 
method, the pupils' desks and equipment were arranged as shown 
in Figure 4-3:
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FIGURE 4-3 
Arrangement of Desks and Equipment 
in Programmed Learning Method
In the "Discussion Method" schools, the pupils’ desks 
and the physics and recording equipment were arranged as shown 
in Figure 4-4:
The Teacher
Recorder
Physics Equipment
\  /  -
Pupils
Microphones
FIGURE 4-4 
Arrangement of Desks and Equipment 
in Discussion Method
In the "Traditional Method" schools, the pupils’ desks 
remained as usual, but the recording equipment was added as 
shown in Figure 4-5.
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FIGURE 4-5 
Arrangement of Desks and Equipment 
in Traditional Method
4.4 TESTS APPLIED BEFORE TEACHING
Before the beginning of the experimental teaching period, 
an I.Q. test and the P.I.T. were applied to all the sample, 
during the last two weeks of October 1976. All application 
sessions were held between the first and fourth period lessons 
of a particular day. The investigator attended all these 
sessions and applied the P.I.T. using the magnetic board, 
and introduced the problems one by one to the subjects. The 
sessions in some schools were held in their restaurant because 
of the small size of the classrooms, which had made it difficult 
to space out the desks'. The pupils were encouraged to ask 
questions before they gave their responses and told to avoid 
wild guessing. Each session required between 70 to 90 minutes 
for the P.I.T., while the time for the I.Q. test was restricted 
to 25 minutes. During the application of the I.Q. test, it was 
noticed that about 10 percent of the pupils in each class did 
not complete it.
4.5 TEACHING BY THE THREE METHODS
The three groups who used the traditional, programmed 
learing and discussion methods did so from 1st November 1976, 
but the programmed group began a week later because of a delay 
in the printing of the programmed textbook. In the meantime,
(which was two class periods), the programmed group solved 
some problems on previous topics.
The teaching period lasted until the end of the second 
week in February 1977. This means that it covered about 3 to 3.5 
months. The investigator went around to the eight schools which 
used the two new methods and discussed, with the physics teachers, 
the problems with which they were faced. The time of commencement 
of the experiment was found by the primary questionnaire which was 
collected from 57 physics teachers of the first grade in secondary 
schools in Kuwait (Appendix R ) , who extracted it from their lessons 
preparation records.
It was noticed that the pupils who studied by the programmed 
learning method worked hard and enthusiastically during the first 
two months. About two-thirds of them continued working at the 
same motivational level, but the rest evidently felt bored 
during the remaining time. Some of these latter pupils tried 
to look at the correct responses before attempting problems.
The main observation made was of the lack of ability of some 
pupils to read and do simple calculations. Unfortunately, also 
a few of the teachers did not understand the essential meaning 
of some physics’ concepts in that their explanations were 
incorrect.
Some of the pupils (about 20 percent in each class) were 
very quick and finished studying the programmed textbook during 
the first two months. The teachers asked the very slow pupils 
(about 20 percent in each class) to do some frames twice a 
week at home in order to catch up with their colleagues. The
\
quickest pupils were provided with the physics problems (Appendix U) 
or were given another chance to repeat their practical lessons.
Also, it was noticed that the pupils who studied by 
using the discussion method were very excited when they saw 
the new arrangement of their desks and the hanging microphones 
and were required to put badges on their chests, each one being 
called by his name which was unusual. The change in the 
behaviour of their teachers gave them self-confidence, as 
the investigator knew from the discussion with the teachers 
and the pupils. (It is possible here that the Hawthorne Effect 
applied).
The teachers felt that the pupils’ participation level 
had clearly increased and when they came into the discussion 
laboratory, the pleasure was to be seen on their faces. Some 
teachers seemed to feel unhappy about recording their lessons, 
but they did not mention it. However, the cooperation of 
teachers was very good. All of them followed the instructions 
and the procedures which had been discussed and planned with 
them.
4.6 TESTS APPLIED AFTER TEACHING
At the end of the special teaching period, i.e. during the 
first two weeks of February 1977, the "P.I.T." and Ph.I.T." were 
applied to the sample . The time required for the "P.I.T." was 
between 50-75 minutes, and for "Ph.I.T." 55-100 minutes. The 
sessions in some of the schools, as in the first application, 
were arranged in their restaurants because of the small size 
of the classrooms. The magnetic board was again used during 
the administration of the P.I.T. to introduce each problem.
The investigator was present at all these administrations 
and answered all the questions asked by the subjects, in
order to avoid different explanations being given by the 
assistants.
After the mid year holiday, during the second and third 
week in March 1977, the pupils who had studied by the programmed 
learning and discussion methods were given the four questionnaires 
(Appendices L, M, N and 0), in order to collect their views and 
opinions about these two new teaching methods.
During the first two weeks of April 1977, the investigator 
visited the physics teachers who participated in this investigation 
one by one and gave them the questionnaires, in order to collect 
their views and attitudes towards the method they had supervised 
or used, and to collect any other opinions.
The whole design of this investigation is given in 
Figure 4-6.
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5.6 FLANDERS' TECHNIQUE FOR THE ANALYSIS OF VERBAL 
INTERACTION IN:
5.6.1. Traditional Method
5.6.2. Discussion Method
5.1 PIAGET’S STAGES SEQUENCE AND CHRONOLOGICAL AGE
The results of 788 pupils from the first grade of secondary 
schools in Kuwait, whose average age was 15.12 years, indicated that 
their performance on the Piagetian Items Test "P.I.T.", in general, 
developed gradually. In Table 5-1 it can be seen that pupils who 
passed 2/3 of the items at a specific level, passed all (or most) of 
the easier items e.g. pupils Nos 1, 3, 6, 7, 8, 14, 16, 21 who reached 
level 3A and covered all or most of the items in the lower levels. At
the same time many of the pupils who attained a specific level gave
few wrong answers in items from lower levels e.g. Pupil No 2, who 
attained level 2B/3A and gave one wrong answer in each of the lower 
levels 2A, 2A/2B and 2B. Also, many who attained a specific level 
could solve some items from advanced levels e.g. pupil No 2 who 
attained level 2B/3A and solved two items from level 3A. In a few 
cases some pupils attained a specific level but still gave correct 
responses over more than one advanced level, e.g. Pupil No 15 who
attained level 2A and still gave some correct answers at high levels.
These few cases occurred in general with pupils whose level was 1 or 
2A, e.g. pupils Nos 18, 788. In very rare cases pupils reached a 
specific level but failed to cover 2/3 of the items at a lower level 
e.g. Pupil No 18 (in Table 5-2), who covered level 2B but failed to 
cover level 2A/2B.
The performance of the sample on all items of "P.I.T." in the 
first and second application can be seen in Tables 5-3 and 5-4. In 
the first application, the percentage distribution of the sample 
according to levels on item 1, was 63, 93, 99, 99, 99, 100 respectively, 
and on item 2 wasj45, 54, 93, 98, 99, 99 respectively. In the second 
application, the percentage distribution of the sample according to 
level on item 1 was 79, 92, 98, 97, 99, 100 respectively, and on
94 7
item 2 was 51, 60,^96, 98, 98 respectively.
Graphs of the pupils' performance on each item of the "P.I.T."
in the first application were drawn in Figure 5-1, and in the second
application in Figure 5-2. From all these graphs it can be seen in 
general that the pupils' performance on all the items of the test . 
either in the first application or in the second application
TABLE (5-1) 
Determining the Pupils Level 
in First Application
Student
No
Item Levels Student
Level
Total
Score
Weighted
Score
2 A 2A/2B 2B 2B/3A 3A
1 8 8 9 3 5 3A 33 6
2 7 7 8 3 2 2B/3A 27 5
3 7 8 8 3 4 3A 30 6
4 8 7 9 3 2 2B/3A 29 5
5 8 6 7 3 2 2B/3A 26 5
6 8 8 9 3 5 3A 33 6
7 8 8 9 3 5 3 A 33 6
8 8 8 9 3 5 3A 33 6
9 8 8 9 3 2 2B/3A 30 5
10 8 8 9 3 5 3A 3 3 6
11 6 6 8 2 0 2B/3A 22 5
12 8 7 6 2 0 2B/3A 23 5
13 7 7 2 0 0 2A/2B 16 3
14 8 8 9 3 4 3A 32 6
15 8 4 4 1 2 2A 19 2
16 8 8 9 3 5 3A 33 6
17 8 8 9 3 2 2B/3A 30 5
18 6 4 4 0 0 2A 14 2
19 7 6 1 o 0 2A/2B 14 3
20 1 1 0 0 0 1 2 1
21 8 8 9 3 5 3A 33 6
22 7 6 5 1 0 2A/2B 19 3
23 8 8 9 2 2 2B/3A 29 5
24 8 8 9 3 1 2B/3A 29 5
25 4 1 1 0 1 1 7 1
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TABLE (5-2) 
Determining the Pupils Level 
in Second Application
Student
No
Item Levels Student
Level
Total
Score
Weighted
Score
2A 2A/2B 2B 2B/3A 3A
1 8 8 9 3 5 3 A 33 6
2 7 7 8 2 1 2B/3A 25 5
3 8 8 8 3 4 3A 31 6
4 8 8 9 2 1 2B/3A 28 5
5 8 8 9 2 2 2B/3A 29 5
6 8 8 9 3 5 3 A 33 6
7 8 8 9 3 4 3A 32 6
8 8 8 9 3 4 3A 32 6
9 8 8 8 3 2 2B/3A 29 5
10 8 8 9 3 5 3A 33 6
11 8 8 7 0 0 2B 23 4
12 8 7 7 2 1 2B/3A 25 5
13 8 8 8 3 2 2B/3A 29 5
14 8 8 9 3 4 3A 32 6
15 8 6 4 1 1 2A/2B 20 3
16 8 8 7 3 4 3A 30 6
17 8 8 9 3 4 3A 32 6
18 7 6 3 0 2A 21 2
19 7 6 4 o 0 2A/2B 17 3
20 5 2 0 0 0 1 7 1
21 8 8 9 3 4 3A 32 6
22 7 6 4 0 0 2A/2B 17 3
23 8 7 8 2 2 2B/3A 27 5
24 8 8 9 3 4 3 A 32 6
25 7 3 3 1 0 2A 14 2
26 4
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TABLE (5-3)
Sample*s Performance on P.I.T.
According to the Levels on the First Application.
Item
No
Sample*s Performance % According to Levels
1 2A 2A/2B 2B 2B/3A 3A
1 63 93 99 99 99 100
2 45 54 93 98 99 99
3 35 36 75 81 92 95
4 63 85 91 96 96 99
5 51 61 88 84 93 96
6 28 33 51 84 91 95
7 19 29 41 93 98 99
8 8 14 17 84 93 97
9 25 33 45 90 98 100
10 3 6 6 31 92 97
11 7 8 21 29 99 99
12 1 0 1 1 88 96
13 0 0 0 1 17 72
14 0 0 0 1 17 99
15 0 0 0 1 15 96
16 36 81 85 86 91 97
17 23 47 50 80 86 97
18 5 4 10 25 52 100
19 0 1 0 10 39 91
20 41 92 92 93 95 96
21 5 14 70 80 84 94
22 45 82 95 97 98 99
23 27 28 84 95 95 96
24 1 6 22 75 84 86
25 44 93 98 100 100 100
26 25 35 96 97 99 100
27 1 4 10 77 89 93
28 79 93 99 98 99 100
29 69 71 99 93 99 100
30 0 7 10 75 84 87
31 25 86 94 98 99 100
32 13 28 92 96 98 99
33 3 4 12 75 82 91
TABLE (5-4)
Sample's Performance on P.I.T,
According to the Levels on the Second Application
Item
No
Sample's Performance % According to Levels
1 2A 2A/2B 2B , 2B/3A 3A
1 79 92 98 97 99 100
2 51 60 96 96 98 98
3 19 26 65 67 79 93
4 70 93 97 95 97 100
5 51 56 91 90 92 96
6 16 19 31 77 80 95
7 30 40 54 95 99 100
8 7 12 16 81 90 95
9 30 34 54 89 98 100
10 2 4 9 25 93 98
11 5 8 20 38 100 100
12 0 1 3 0 81 95
13 0 0 2 0 18 81
14 0 0 5 3 14 98
15 0 0 4 3 14 97
16 51 85 87 95 93 100
17 23 52 68 93 91 99
18 2 6 17 32 58 100
19 0 1 4 13 36 87
20 35 83 90 98 94 97
21 5 17 78 91 87 95
22 28 89 93 94 98 100
23 21 30 87 91 93 98
24 5 11 25 74 84 91
25 53 96 98 98 99 100
26 23 40 95 94 98 99
27 2 9 16 77 86 90
28 84 93 100 100 100 99
29 72 67 99 100 98 99
30 0 7 20 81 86 86
31 26 89 95 100 99 100
32 19 31 88 95 98 100
33 0 10 13 77 80 89
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developed gradually or abruptly. The abrupt development can be 
seen clearly in Figure 5-1 with item Nos. 8, 10, 11, 12, 13, 14, 15, 
20, 23, 26, 27, 30, 31, 32 and 33. And also in Figure 5-2 with 
item Nos. 8, 10, 11, 12, 13, 14, 15, 21, 22, 23, 26, 27, 30, 31, 32 
and 33. The sharp incline of these graphs at a different particular 
place in each occurred, in general, when the pupils were asked to 
give an explanation for their responses.
These results confirm the essential assumption of Piaget’s 
theory, that there is a fixed order in which concepts are 
acquired, but in general, the concepts are developed gradually 
rather than abruptly.
The relationship between conceptual level (measured by 
weighted or total scores on P.I.T.) and chronological age was 
studied by using the Pearson formula and it was found that (see 
Table 5-5) the correlation coefficients between 'P.I.T.1 in its 
first application when considering the weighted scores and the 
chronological age was 0.31 and when considering total scores was 
0.32. Also, the correlation coefficients between 'P.I.T.' in the 
second application, when considering the weighted scores, was 0.34 
and when considering total scores was 0.40. The correlation 
coefficients between 'P.I.T.' in its first application and 
younger, average, and older pupils are 0.15, 0.21, 0.30 when 
considering the weighted scores^and 0.20, 0.27, 0.32 when 
considering the total scores. The correlation coefficients 
between 'P.I.T.' in the second application and younger, average 
and older pupils are 0.18, 0.25, 0.37, when considering the 
weighted scores, and 0.23, 0.28, 0.42 when considering the total 
scores.
These correlation coefficients were positive and low, but 
most of them indicate that the relationship between the 
conceptual level and age was significant at the 1% level. Also, 
it can be seen from Table 5-5 that the correlation coefficients 
increased from younger to older pupils.
TABLE 5-5
The Relationship Between The Conceptual Level 
And The Chronological Age
Pupils* Age 
(Years)
P.I.T.
Weighted Scores Total Scores
First App Second App First App Second App
Younger (157) 
Average (302) 
Older (329)
0.15
0.21**
0.30**
0.18*
0.25**
0.37**
0.20*
0.27**
0.32**
0.23**
0.28**
0.42**
The Sample (788) 0.31** 0.34** 0.32** 0.40**
'* P < .0.05 ** P < 0.01
These results, partially, support Piaget*s explanation of 
stages, i.e. that children a.cquire the concept of conservation 
more frequently as age increases.
5.2 THE DISTRIBUTION OF THE STAGES
The findings of the first application of P.I.T. (Table 5-6) 
indicated that about 18% of the sample had reached the early 
formal stage and about 35% were in the transitional stage. The
TABLE 5-6 
First Application of P.I.T.
Pupils
Level
1 2A 2A/2B 2B 2B/3A 3A
Number 75 72 105 122 276 138
% 10 9 13 15 35 18
rest, which consisted of about 47% were still in concrete or a lower 
stage. The findings of the second application of P.I.T. (Table 5-7) 
indicated that 27% of the sample had reached the early formal stage
TABLE 5-7 
Second Application of P.I.T.
Pupils
Level
1 2 A 2A/2B 2B 2B/3A 3A
Number 43 89 99 102 243 212
% 6 11 13 13 31 27
and 31% were in the transitional stage. The rest, which was about 
43% were still in the concrete of a lower stage. So both in the 
first application and in the second application, the large 
percentage (47% and 43%) of 15 year old secondary pupils were still 
operating at concrete operational level or below. This is 
contrary to what Piaget claims in general, but it is identical to the 
findings of other research workers.
5.3 THE TRAINING EFFECT OF THREE TEACHING METHODS
The training effect - using different teaching methods - was 
studied for the whole sample by applying the P.I.T. before and after 
the training period which took about 3 - 4  months. The results 
indicated that there were significant differences at the 1% level 
between pupils* perforamce before and after the training period.
This was investigated by using the t-test which gave a value of 2.98 
when considering the weighted scores and 3.04 when considering the
total scores. So the methods which were used for about 3 - 4
months had a clear effect on the conceptual levels of the subjects. 
But it was noticed that only 202 pupils out of 788 had changed 
their levels and 586 pupils were still at the previous levels. The 
pupils who transferred to another substage did not, in general gain 
more than one substage. The percentages of pupils who transferred 
from level 1 to 2A, 2A to 2A/2B, 2B to 2B/3A, and 2B/3A to 3A were 
12%, 10%, 17%, 21% and 41% respectively. This means that the 
pupils who benefit most were those in the closest sub-stages to 
demand levels of the concepts being taught.
When the responses of the pupils between the first and the
second application was compared, it was found that most of them 
still gave the same phrasing to their understanding of specific 
questions. Some of them who had given correct responses before, 
gave a quantitative explanation in the second application.
Below are given all the different kinds of correct and 
incorrect answers presented by the first and second applications, 
in order to present a clear picture of the understanding and
misunderstanding of the main questions in the 13 problems in P.I.T.
PROBLEM 1
A pupil who had given a correct response in the first 
application wrote: "The second car is quicker because it covered
the same distance in less time", but in the second application 
wrote: "The second car is quicker because its speed was 26^/3 m/sec,
while the speed of the first car was 20 m/sec." Also, a subject who 
gave incorrect responses wrote: "the first car is quicker because 
it needed to cover the same distance in more time than the second 
car", while another gave: "The first car is quicker because its 
speed is 80 x 4 = 320, while the speed of the second car is 
80 x 3 = 240", and : "The speed of the two cars are equal because 
they covered the same distance".
PROBLEM 2
A pupil gave as a correct answer (in the first application): "The
second car is quicker because it covered a greater distance 
in the same time."
Another pupil gave as a correct answer (in the second application): 
"The second car is quicker, because its speed is 6 m/sec,
\
while the speed of the first car is 5 m/sec."
Examples of incorrect answers are as follows: "The first car is
quicker because it covered the shorter distance"; "The 
speed of the two cars are equal because they needed the 
same time"; "The second car is quicker because I feel 
that it is quicker".
PROBLEM 3
A pupil gave as a correct answer (in the first application): "The
Ispeeds of the two cars are equal because the distance 
covered by the second car was double that the distance 
covered by the first car and also the time needed for the 
second car was double that needed for the first car."
Another pupil gave as a correct answer (in the second application):
20
"The speeds of the two cars are equal because = - y  = 20 m/sec; 
and ~ = 20 .in/sec."
Examples of incorrect answers are as follows: "The first car is
quicker because it covered the shorter distance in one 
second"; "The first car is quicker because it covered the 
shorter distance"; "The first car is quicker because it 
needed less time"; "The second is quicker because it 
covered the bigger distance"; "The second car is quicker 
because this is what I think."
PROBLEM 4
Pupils gave, as correct answers (in the first application): "The
speeds of the two cars are equal because the distance covered 
by the second car was three times bigger than the distance 
covered by the first car and the time needed for the second 
car was three times longer than the time needed for the 
first car"; "Because the first car covered 1/3 of the 
distance covered by the second car and needed 1/3 of the 
time needed for the second car".
A pupil gave as a correct answer (in the second application): "The
speeds of the two cars are equal because = 30/3 = 10 m/sec 
and V 2  = 90/9 = 10 m/sec."
Examples of incorrect answers are as follows: "The second car is
quicker because it covered the bigger distance", "The first 
is quicker because it covered the shorter distance."
PROBLEM 5
Pupils gave as correct answers (in the first application): "The
speeds of the two cars are equal because the distance 
covered by the second car was four times bigger than the 
distance covered by the first car and the time needed for the 
second car was four times longer than the time needed for the 
first car", "Because the first car covered \ of the distance 
covered by the second car and need 1/3 of the time needed for 
the second car".
Pupils gave as correct answers (in the second application): "The
speeds of the two cars are equal because = 30/2 = 15 m/sec 
and V 2  = 120/8 = 15 m/sec", "The speeds of the two cars are 
equal because the first car covered 30m in 2 seconds, and if 
still moving it would have covered 120 m  in 8 seconds".
Examples of incorrect answers are as follows: "The first is quicker
because it covered a shorter distance",, "The first is quicker
because it needed a shorter time", "the second is quicker
because it covered a longer distance", "the second car is
quicker because I think so".
PROBLEM 6
A  pupil gave as a correct answer (in the first application): "The
second car is quicker because if the first car covered 60m in
4 seconds, this means that the car can traverse 15m in each
second, while the second car traversed more than 45m in 3
seconds (which is 50m)."
Another pupil gave as a correct answer (in the second application) : "The
second car is quicker because = 60/4 = 15m/sec and
V 2  = 50/2 = 162/3 m/sec."
Examples of incorrect answers are as follows: "The first car is
quicker because its speed is 60 x 4 = 240 while the speed 
of the second car is 50 x 3 = 150", "The second car
is quicker because its distance is shorter than the first", 
"The second car is quicker because it needed shorter time".
PROBLEM 7
Pupils gave as correct answers (in the first application): "The 
quickest car is K and the slowest car is N because K 
covered 150 m  in 5 sec, while L covered 130 m  in 5 sec and 
N can cover 100 m  in 5 sec, so the quickest is the car that 
covered the longest distance in the same time and the 
slowest is the one that covered the shortest distance in 
the same time", "K is the quickest and N is the slowest 
because L covered 130 m  in 5 sec, K covered 130 m  in about 
sec and N covered 130 m  in 6]> sec, so K  is the quickest 
(shortest time), and N is the slowest (longest time)."
A pupil gave as a correct answer (in the second application):
"V = 130/5 = 26 m/sec; V2 = 150/5 = 30 m/sec; V3 = 160/8 
= 2 0  m/sec; so the second car K is the quickest and the 
third car N is the slowest."
Examples of incorrect answers are as follows: "The first car L is
the quickest because it covered the shortest distance, and 
the third car N is the slowest because it covered the 
longest distance", "The quickest car is N because it 
covered the longest distance and L is the slowest b e c a useit 
covered a shortest distance", "The first L and the second K 
are at the same speed and they are quicker than the third 
car N which needed a longer time".
PROBLEM 8
Pupils gave as correct answers (in the first and second applications) 
"The first car K is quicker because it covered the longer 
distance in the same time", "The first car K must be quicker 
because its route is longer and they had to arrive at the 
same time", "The circumference of the first circle is bigger 
than the other, so the distance covered by the first car L
is bigger than the distance covered by the second car K at 
the same time, so the first car is quicker".
Examples of incorrect answers are as follows: "The speeds of the two
cars are the same because they set off at the same time and 
arrived at the same time", "The second is quicker because its 
distance is shorter", "It is very difficult to compute the 
speed because we do not know the magnitudes of the distance 
and the time", "I feel that the second is quicker, but I do 
not know why, and I cannot explain".
PROBLEM 9
Pupils gave as correct answers (in the first and second applications): 
"The second car is quicker because it traversed a longer 
distance in the same time", "The second is quicker because 
it covered the winding road - which is longer than the straight 
one - in the same time", "The second is travelling on a. 
winding road, so it must increase speed in order to catch up 
with the first one in the same time";
Examples of incorrect answers are as follows: "The first is quicker
because its road is clear and easy to traverse, while the 
second car is faced with obstacles", "The speeds of the cars 
are equal because they set off at the same time and arrived 
at the same time", "The speeds of the two cars are the same 
because they set off from two opposite points and arrived 
together at two other opposite points", "The speeds are the 
same because the distances are the same", "The speed of 
the first car is bigger because the straight line is shorter 
than the wavy line".
PROBLEM 10
Pupils gave as correct answers (in the first application): "The
first car is quicker because it covered 50 m  in the same
time that the second which covered 30 m", "The first car 
is quicker because it covered the longer distance in the 
same time", "The first car is quicker because it has to
cover a longer distance and to arrive at the same time, so
it must increase its speed in order to arrive at the same 
point and in the same time as the second car".
Pupils gave as correct answers (in the second application): "The
first car is quicker because = 50/1 = 50 cm/unit time,
V2 = 30/1 = 30 cm/unit time", "The first car is quicker 
because assuming that the time needed is 5 sec, so
= 50/5 = 10 cm/sec; V2 = 30/5 = 6 cm/sec, we deduce 
> V2", "The first car is quicker because assuming that 
the time needed is t, so = 50/t, V2 = 30/t and it is
clear that 50/t > 30/t".
Examples of incorrect answers are as follows: "The second car is
quicker because it covered the shorter distance", "The 
second is quicker because it covered a straight road", "The 
speeds are the same because they set off and arrived at the 
same time", "The second car is quicker because it covered 
a shorter and easier road while the first car covered the 
longer and more difficult road".
PROBLEM 11
A pupil gave as a correct answer (in the first application): "The
first car is quicker because it covered a longer distance 
at the same time".
Another pupil gave as a correct answer (in the second application): 
"The first car is quicker because AB > CD and the time is the 
same, if we assume that the time required is t, so = AB/t, 
V2 = CD/t then we deduce that > V2 because AB > CD and t 
is the same".
Examples of incorrect answers are as follows: "The speeds of the
cars are the same because they set off at the same time 
and arrived at the same time", "The second car is quicker 
because the distance is shorter".
PROBLEM 12
A pupil gave as a correct answer (in the first application): "The
first car is quicker because it covered the longer
distance in the same time".
Another pupil gave as a correct answer (in the second application) 
The first car is quicker because AB > CD and the time is 
the same".
Examples of incorrect answers are as follows: "The speeds of the
two cars are the same because the required time is the 
same", "The second car is quicker because it covered the
shorter distance in the same time".
PROBLEM 13
A pupil gave as a correct answer (in the first application): "The
first car is quicker because the distance is bigger, so 
it must increase speed in order to catch up with the 
second car and arrive at the same time".
Another pupil gave as a correct answer (in the second application): 
"The first car is quicker because AB > CD and the time (t) 
is the same, so AB/t >CD/t or > V^, the first is 
quicker".
Examples of incorrect answers are as follows: "The second car is
quicker because it covered the shorter distance", "The 
second car is quicker because it covered the shorter 
distance in the same time".
So after reviewing these responses, it was deduced that the 
subjects who achieved the speed concept gave qualitative explanations 
at first, while after the speed concept had been taught, they gave 
quantitative explanations. The subjects who gave wrong responses or 
wrong explanations concentrated, in general, on one element of the 
speed concept, such as comparing the two distances which were 
traversed by the two cars and neglecting the required time or vice 
versa.
Now, in order to study which method was the most effective, 
the F-ratio was calculated for the scores on the P.I.T. and it was 
found - before training - that there were no significant 
differences between the three groups at the 5% levei. The values 
of "F" were 0.85 (when considering weighted scores) and 1.93 
(when considering total scores). But after the training, the 
values of "F" were 6.21 (when considering weighted scores) and 7.58 
(when considering total scores). This means that the three teaching 
methods which were used had a different effect on the conceptual 
level of the pupils of each group.
Tables 5-8 and 5-9 give the distribution of groups* levels 
before and after the training as can be seen.
Table (5-8)
The Distribution of the Groups* Level Before the Training
GROUP LEVEL
1 2 A 2A/2B 2B 2B/3A 3A
Trad Number 20 28 40 39 79 38
(244) % (8) (12) (16) (16) (32) (16)
Dis Number 27 14 41 47 101 42
(270) % (10) (5) (15) Xl  7) (37) (16)
Prog Number 28 30 24 38 96 58
(274) % (10) (11) (9) (14) (35) (21)
Total Number 75 72 105 122 276 138
(788) % (10) ( 9) (13) (15) (35) (18)
TABLE (5-9)
The Distribution of the Groups* Level After the Training
GROUP
LEVEL
1 2 A  ‘ 2A/2B 2B 2B/3A • 3A
Trad Number 12 32 39 32 78 51
(244) % (5) (13) (16) (13) (32) (21)
Dis Number 16 23 34 35 93 69
(270) % (6) (9) (13) (13) (34) (25)
Prog Number 15 34 26 35 72 92
(274) % (5) (12) (9) (13) (26) (33)
Number 43 89 99 102 243 212
Total
(788) % (5) (11) (13) (13) (31) (27)
To determine which method had the greatest effect, the 
t-test was used on the scores on P.I.T. after the training. The 
values of "t" between the traditional group and discussion group 
were 2.36 (when considering weighted scores) and 3.87 (when 
considering total scores). The values of **t" between the 
traditional group and programmed learning group were 2.67 (when 
considering weighted scores) and 1.99 (when considering total 
scores). The values of "t" between the discussion group and 
programmed learning group were 0.33 (when considering weighted 
scores) and 0.06 (when considering total scores).
This means that there were significant differences at 1% 
level between traditional and discussion methods (when considering 
either weighted or total scores). Also, there were significant 
differences at 1% level (when considering weighted scores) and at 
5% level (when considering total scores) between the traditional 
and programmed learning methods. While there were no significant 
differences between discussion and programmed learning methods at 
1% level.
These results indicate that the three methods as a whole 
made a significant improvement upon the conceptual level of the 
pupils, but the effect of the last two methods was similar and better 
than the first one.
5.4 THE RELATIONSHIP BETWEEN THE CONCEPTUAL LEVEL (MEASURED BY
WEIGHTED OR TOTAL SCORES ON P.I.T.) AND I.Q., Ph.I.T., 
SEXES, AND NATIONALITY
5.4.1 Conceptual Level and I.Q.
The relationship between the conceptual level (measured by 
weighted or total scores on P.I.T.) and I.Q. was studied by using 
the Pearson formula and it was found that (See Table 5-10) the 
correlation coefficient between "P.I.T." in its first application, 
when considering the weighted scores and I.Q. was 0.64 and when
TABLE (5-10)
The Relationship Between the Conceptual Level and I.Q.
Pupils 1 I.Q.
P.I .T.
Weighted Scores Total Scores
First App Second App First App Second App
The Sample (788) 0.64** 0.63** 0.63** 0.61**
Lower (239) 0.49** 0.52** 0.48** 0.47**
Middle (437) 0.23** 0.27** 0.26** 0.23**
Higher (112) 0.37** 0.42** 0.36** 0.38**
** p < 0.01
considering the total scores was 0.63. Also, the correlation coefficient 
between "P.I.T." in the second application, when considering the 
weighted scores and I.Q. was 0.63 and when considering the total 
scores was 0.61. The correlation coefficients between "P.I.T." in 
its first application and lower, middle, and higher I.Q. were 0.49,
0.23, 0.37 respectively when considering the weighted scores, and 0.48, 
0.26, 0.36 respectively when considering the total scores. The 
correlation coefficients between "P.I.T." in the second application 
and lower, middle, higher I.Q. were 0.52, 0.27, 0.42 respectively when 
considering the weighted scores, and 0.47, 0.23, 0.38 respectively when 
considering total scores.
These correlation coefficients were positive, and all of them
indicated that the relationship between the conceptual level and
I.Q. was significant at the 1% level.
5.4.2. Conceptual Level and Achievement in Physics
The relationship between conceptual level (measured by 
weighted or total scores on P.I.T.) and physics achievement 
(measured by the score on the Ph.I.T.), was studied by using the 
Pearson formula and it was found that (See Table 5-11) the 
correlation coefficient between "P.I.T." in its first application
TABLE (5-11)
The Relationship Between the Conceptual Level
and the Score on the "Ph.I.T."
Physics P.l:.t .
Achievement Weighted Scores Total Scores
The Score on First App Second App First App Second App
Ph.I.T. (M.C.) 
Ph.I.T. (C) 
Ph.I.T.
0.36**
0.41**
0.42**
0.44**
0.51**
0.48**
0.3)**
0.43**
0.44**
o.4b**
0.45**
0.47**
** P < 0.01
when considering the weighted scores and the scores on "Ph.I.T." 
was 0.42, and when considering the total scores was 0.44. Also, 
the correlation coefficient between "P.I.T." in the second 
application, when considering the weighted scores and the score on 
"Ph.I.T." was 0.48 and when considering the total scores was 0.47.
The correlation coefficients between "P.I.T." in its first applica­
tion and the sub-tests "Ph.I.T.(M.C.)" and "Ph.I.T.(C)" were 0.36, 
0.41 respectively when considering the weighted scores and 0.37,
0.43 respectively when considering the total scores. The 
correlation coefficients between "P.I.T." in the second 
application and the sub-tests "Ph.I.T.(M.C.)" and "Ph.I.T.(C)" were 
0.44, 0.51 respectively when considering the weighted scores, and 
0.40, 0.45 respectively when considering the total scores.
These correlation coefficients were positive, and all of them 
indicated that the relationship between the conceptual level and
achievement in physics is significant at the 1% level.
The most important point here is to know which objectives 
the pupils could understand and which they could not. In Table 
(5-12) it can be seen that each item of Ph.I.T.(M.C.) has five 
alternatives (A,B,C,D and E) and the last column relates to the 
percentage of the items which the pupils missed. By considering 
2/3 success rate criterion, the pupils, in general, could 
understand items (See Appendix F) 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
12, 14, 15, 16a, 16b, 16c, 1 7 ^ ,  17a2> 17a3 » 18a, ISb^ , 18b2> 18b3 > 18bA 
20b, 21a, 21b, 21c, 22 .^, which relate to objectives (see Appendix E) : 
ls (the first objective in speed concept), 5S , V  2a  (the second 
objective in Acceleration concept) 6g , (the 11th objective in
Force and Mass concepts), ly (the first objective in Velocity 
concept), 4 ^ ,  1A , 9 ^ ,  1 0 ^ ,  13p M , 4y , 2g , 2g , 2g , 3g , 3g , 3g , 12g , 
llg , llg , llg , llg , 9g , 3a , 3a , 3a , 7a  respectively.
Other items which the pupils could not understand well 
according to the criterion mentioned such as item No 11 (which had 
63%) which relates to the objective 1 ^ ,  concerns the definition of 
force. The definition of force, which is stated in the Physics 
textbook (El-Naqib et al, 1974/75, 93) is as follows: "It is any
push or pull which tries to make a stationary object move", while 
the definition which is stated in the Physics Programmed textbook 
(Appendix P) is as follows: "Anything which changes the shape of
bodies or their speeds, or their direction". The first definition 
is the same as alternative "A" of this item, so this alternative 
was selected from 20% of the pupils. For that reason all the 
teachers who participated in the main experiment were asked to give 
their pupils the most integrated definition. This they did as was 
confirmed by hearing the recorded tapes of the traditional and 
discussion methods. In addition, the pupils were asked to choose 
the best answer from the five alternatives.
The percentages of correct responses which were given by 
traditional, discussion and programmed groups were 34%, 72% and 78% 
respectively. The problem with this objective is not related to
tablis
The Percentages of Correct and Wrong Responses for 
all Items of Ph.I.T.(M.C.)
Serial
No.
Item
No.
The Alternatives of Each Item Item
MissedA ' B C D E
1 1 0 19 70* 9 2 1
2 2 0 89* 3 5 2 1
3 3 3 2 1 94* 0 0
4 4 80* 7 3 6 2 2
5 5 ■ 2 2 1 1 1
6 6 8 84* 4 2 1 1
7 1 5 67* 14 5 8 1
8 8 2 2 93* 1 1 0
9 9 3 66* 24 2 4 .1
10 10 8 2 2 87* 1 0
11 11 2o 4 1 16 2
12 12 4 2 18 2 72* 2
13 13 14 5 7 21 50* 4
14 14 82* 3 2 2 10 2
15 15 3 10 6 4 76* 2
16 16a 4 88* 3 1 1 3
17 b 2 1 4 8 83* 4
18 c 12 1 85* 0 1 1
19 17al 2 18 77* 1 1 1
20 a2 92* 5 1 1 0 1
21 a3 1 2 2 84* 9 2
22 b 53* 12 7 17 4 7
23 18a 12 67* 4 6 4 7
24 bl 6 2 7 81* 2 2
25 b2 10 3 74* 10 1 2
26 b3 5 5 6 12 70* 2
27 b4 3 3 74* 14 4 1
28 b5 3 9 7 13 65* 3
29 19 60* 6 5 9 16 4
30 20a 12 7 10 57* 7 7
31 b 6 5 8 9 66* 6
32 21a 4 1 92* 2 1 1
33 b 88* 2 4 3 1 3
34 c 6 87* 2 1 1 3
35 221 5 74* 13 3 3 2
36 II 12 9 48* 16 9 6
37 III 12 11 11 48* 10 7
38 23a 58* 11 11 10 5 '
.. 5 _„ ,
39 b 14 15 7 7 51* 6
40 c 17 6 54* 6 11 6
41 24 8 8 14 15 49* 5
42 25 47* 3 7 26 14 4
43 26a 26 12 43* 11 4 4
44 b 19 17 14 8 36* 7
45 c 16 17 41* 10 8 8
46 d 16 7 17 7 43* 10
47 e 38* 14 13 16 6 13
48 27a 15 22 50* 3 4 7
49 b 6 64* 12 3 8 7
50 c 7 9 11 21 45* 8
51 d .8 15 12 42* 13 10
52 28a 33* 25 9 16 9 8
53 b 26 26* 14 5 20 10
* Correct response
the conceptual level of the pupils, but rather to differences in 
the definition of force as presented in the three teaching methods.
Item 13, which relates to the objective 1 2 ^ ,  concerns the 
definition of the Kilogram. There is a common misconception in 
discrimination between mass and weight, and also in their units.
This item had 50% correct responses, and the alternatives A and D 
14% and 21% respectively. The reason may be because these two 
alternatives begin with the phrase: "It is the mass o f ..." while 
the correct definition is: "It is a unit mass which is equal to the 
mass of International Prototype Kilogramme." The percentages of 
correct responses which were given by the tradition, discussion 
and programmed groups were 47%, 43% and 58% respectively. The 
problem of this objective is related to the pupils1 misconceptual 
background which did not change completely during that period of 
training despite using different teaching methods.
Item 17b, which is related to the objective 7s concerns the 
calculation of the average speed from a time tape. This item had 
only a 53% success rate despite the fact that simple numbers 
were used. During the administration, a common problem area was 
noticed with a large number of pupils. They faced, in general, many 
difficulties in computing and in particular in deducing the time 
needed from the number of dots on the time tape and the frequency of 
a ticker-timer. The percentages of correct responses which were 
given by the traditiona, discussion and programmed groups were 41%, 
76% and 69% respectively. This means that these teaching methods 
had different effects on the pupils* understanding of this objective.
Item 1 8 ^ ,  which is related to the objective 11s, concerns 
the deduction of the kind of speed change from a graph. This item 
is similar to item 1 8 ^ ,  which had 70% correct responses. Because 
item 1 8 ^  had 65% correct responses, it is possible to consider it 
as a suitable item. The percentages of correct responses which were 
given by the traditional, discussion and programmed groups were 44%, 
76% and 72% respectively. This means that these different teaching 
methods had different effects on the pupils* understanding of this 
objective.
Item 19, which is related to the objective 8g , concerns the 
calculation of an average speed from the graphical relation between 
distance and time. This item had 60% correct responses despite its 
simplicity. The reason here seemed to be that the pupils had much 
training on the graphical relation between speed and time rather 
than the graphical relation between distance and time. The 
percentages of correct responses which were given by the traditional, 
discussion and programmed groups were 42%, 68% and 62% respectively.
Item 20a, which is related to the objective 5v, concerns 
the calculation of the average velocity. The pupils* required 
behaviour here is to measure the displacement then to compute the 
total required time, finally to calculate the average velocity.
This item had 57% correct responses. The percentages of correct 
responses which were given by the traditional, discussion and 
programmed groups were 34%, 76% and 63% respectively. This means 
that these teaching methods had different effects on the pupils* 
understanding of this objective.
For other items (see Table 5-13) which relates to the 
acceleration concept, except items 28a and 28b which relate to 
force and mass concepts (see Appendix E ) . In all of these 
difficult items, the pupils* required behaviour concerned calculating 
some problems by using the formula of Newton’s second law of motion 
in different cases and also in connecting it with laws of motion in 
different cases. It can be seen in Table 5-13 that the results of 
some objectives, in general, were affected by the method of 
teaching, but most of the percentages were still low, especially 
with objectives taught by the traditional method. These low 
percentages despite using different teaching methods, seem to show 
that the items which relate to these objectives and the computing 
concept, are higher than the conceptual level of most pupils of the 
first grade in Kuwait secondary school.
Now, to study in the physics sub-test Ph.I.T.(C), which 
items the pupils could understand and which they could not, see 
Table (5-14). By considering the 2/3 success rate criterion, the
TABLE (5-13)
Some Difficult Items in Ph.I.T.(M.C,)
Serial
No.
Item
No.
Objective
No.
Trad.(%) 
Method
Dis.(%) 
Method
Prog.(%) 
Method
36 22II 7A
32 59 52
37 22III 7 A
32 60 51
38 23a 4A 35 70 66
39 23b 5A 24 64 61
40 23c 6A 29 73 58
41 24 8A 28 63 55
42 25 10A 25 60 53
43 26a 11A 21 50 55
44 26b 11A 16 42 46
45 26c 11A 25 50 47
46 26d 11A 32 50 46
47 26e 11A 20 45 48
48 27a 13A 37 54 58
49 27b 13A 59 67 66
50 27c 13A 32 50 50
51 27d 13A 32 42 51
52 28a 15f m 25 33 41
53 28b 15f m 24 26 28
TABLE (5-14)
The Percentages of Success of Ph.I.T.(C.) Items.
Serial
No.
Item
No.
Objective
No.
Trad.
Method
Dis.
Method
Prog.
Method
The
Sample
54 29 3v 94% 93% 99% 95%
55 30a 2FM 43 32 43 41
56 30b 2S 56 69 79 68
57 30c 3f m 36 40 42 39
58 30d 3A 87 90 86 88
59 30e 2v 55 67 67 63
60 30f 4FM 79 72 78 76
61 31 9A 2 13 19 12
62 32 10S 62 74 84 74
63 33 12A 5 11 16 10
64 34 14f m 7 46 44 33
65 35a 6f m 56 85 81 75
66 35b 7Fm 34 65 64 56
67 35c 8f m 27 54 56 46
pupils could understand items (see Appendix F) 29, 30b, 30d, 30f,
32 and 35a, which relate to objectives (see Appendix E) 3^, 2^, 3^,
10^, 6^, respectively. Other items which the pupils could 
FM S FM
not understand well according to the criteria mentioned, such as
item 30a (which had 41%) which relates to the objective 2 ^ ,
concerns the unit of mass. The unit of mass in this item is "Kg".
Most of the pupils confused between the unit of mass and the unit of
weight. It has already been mentioned that there is a common
misconception in discrimination between mass and weight, and also in
their units. For that reason, the percentages of correct responses
which this item had in traditional, discussion and programmed groups
are 43, 32 and 43 respectively. In item 30c (which had 39%) which
relates to the objective 3 _ / concerns the unit of force. The 
. FM
problem of this item is similar to the previous item. In item 30e
(which had 63%) which relates to the objective 2^, concerns the
unit of velocity, the pupils were confused between the unit of
velocity and unit of speed. In item 31 (which had 12%) which relates
to the objective 9^ concerning the deduction of the relation between
distance traversed by an object, moving in a uniform acceleration,
its initial speed, its acceleration and the time required to traverse
that distance. It is clear here that the demand level of this
objective is higher than the conceptual level of the pupils. The
same thing is found with item 33 (which had 10%) which relates to
the objective 12^ and concerns the calculation of the acceleration
due to gravity practically by using a stroboscope. The teachers
were asked to explain these two objectives carefully because it was
noticed, during the pilot study of the constructuion of Ph.I.T.,
that most of the pupils could not understand them. So it seems that
the demand level of these two objectives was higher than the
conceptual level of the pupils, because those who solved the items
of these objectives were of pupils who had achieved the early
formal stage. Item 34 (which had 33%) which relates to the
objective concerning the calculation of the mass and weight
of an object in two different places. In this item it can be seen that
there is a wide difference between the effects of the traditional method
and both discussion and programmed learning methods. But the percentages of
the correct responses still low. This means that most of the pupils 
could not understand the real difference between mass and weight.
In item 35b, and 35c (which had 56% and 46% respectively) which 
relate to the objectives 7 ^  and concerning the deduction of the 
relation between the object*s acceleration and its mass when moved 
by a constant force, and the deduction of the relation between an 
object*s mass, an object*s acceleration and the force exerted on it. 
The percentages of correct responses were in the traditional method 
less than the discussion and programmed learning method.
Overall, these results mean that it is possible to 
facilitate the understanding of some concepts if the pupil has a 
structure which enables the grasp of the ideas, but if the level of 
the concept is higher than the level of the learner, we cannot do 
anything except to promote the conceptual level of the learner by 
enriching his experience or by defining treatments of the concepts.
5.4.3 Conceptual Level and Sex
To study if there was any significant differences between 
girls and boys, the t-test was used. It was found (see Table 5-15) 
that there were significant differences at 1% level between boys 
and girls in favour of boys, on P.I.T. in its first application when 
considering the total scores and at 5% level when considering the 
weighted scores. Also, it was found that there were no 
significant differences between boys and girls in all applications 
of the tests: P.I.T.(2)W.S., P.I.T.(2)T.S., I.Q., Ph.I.T.(M.C.),
Ph.I.T.(C.), Ph.I.T.
These results indicate that boys were more experienced in 
understanding the speed concept than the girls on the first 
application of P.I.T. Then these differences vanished after the 
training period, or the conceptual development of the girls was 
better than the boys during the training.
TABLE (5-15)
The Relationship Between The Conceptual Level, 
Physics Achievement, I.Q. and Sex.
TEST
Girls
(N=403)
Boys
(N=385) t value 
(D.F.=786)
Mean S.D. Mean S.D.
P.I.T.(1) W.S. 3.97 1.61 4.24 1.48 2.41*
P.I.T.(1) T.S. 22.18 8.13 23.88 7.34 3.08**
P.I.T.(2) W.S. 4.28 1.59 4.40 1.45 1.04
P.I.T.(2) T.S. 24.02 7.63 24.93 6.76 1.76
I.Q. 96.25 12.44 97.39 13.58 1.23
Ph.I.T.(M.C.) 34.91 8.53 35.13 10.85 0.33
Ph.I.T.(C.) 7.69 3.67 7.86 3.59 0.66
Ph.I.T. 42.55 11.31 42.95 13.63 0.45
* P < 0.05 ** P < 0.01
So, in general, it can be deduced that there were no 
significant differences between the conceptual level and sex.
5.4.4 Conceptual Level and Nationality
To study if there was any significant difference between 
Kuwaiti and non-Kuwaiti pupils, the t-test was used. It was 
found (see Table 5-16) that there were significant differences 
at 1% level between Kuwaiti and non-Kuwaiti in favour of non-Kuwaiti 
pupils, in all the tests. Also, it was found that the percentage 
of Kuwaiti pupils who had attained level 1 was 74% of the pupils 
who had attained this level. On the other hand it was found that 
the percentage of Kuwaiti pupils who had attained level 3A was 32% 
of the pupils who attained this level.
TABLE (5-16)
The Relationship Between The Conceptual Level, 
Physics Achievement, I.Q. and Nationality
TEST
Kuwaiti
(N=408)
Non-Kuwaiti
(N=380) t value 
(D.F.=786)
Mean S.D. Mean S.D.
P.I.T.(l) W.S. 3.75 1.59 4.49 1.41 6.89**
P.I.T.(1) T.S. 21.29 7.87 24.87 7.22 6.62**
P.I.T.(2) W.S. 3.94 1.57 4.76 1.37 7.80**
P.I.T.(2) T.S. 22.39 7.74 26.14 6.66 7.23**
I.Q. 93.51 12.54 100.44 12.59 7.73**
Ph.I.T.(M.C.) 33.34 9.18 36.75 10.13 4.96**
Ph.I.T.(C.) 7.18 3.50 8.45 3.64 4.98**
Ph.I.T. 40.52 11.64 45.18 13.10 5.29**
** P < 0.01
5.5 THE VIEWS AND ATTITUDES OF TEACHERS AND PUPILS TOWARDS THE
NEW METHODS
5.5.1 The views and attitudes of teachers who supervised the use
of programmed learning materials
The teacher's role in this method was to go around the 
pupils who used the programme individually and give help when a 
pupil was faced with a problem of understanding. The teacher's 
assistance to the pupils concentrated on giving hints, indirect 
explanations, or some help in handling or using the instruments. If 
any topic was generally not understood, the teacher explained it to 
all the pupils at once. Also, the teacher provided the quickest 
pupils with a set of physics problems or gave them another chance to 
to repeat some of their practical lessons.
Ten teachers answered all items of questionnaire 1 (Appendix L) 
except Nos 26, 38, 39 and 40. In Table (5-17) it can be seen that 
most of the teachers (70 - 100%) agreed that the programme language, 
its punctuation, the order of frames, the chapter sequence, the 
accuracy of scientific terms, the examples, the stress on new facts, 
the use of hints* the printing of the frames-book, the printing of 
the diagrams-book, the writing style employed in the programme, the 
level of the programme, the accuracy of its objectives were good 
enough to assist learning. They did not agree that most pupils 
studied the programme with great interest. But they did agree that 
some did, especially the gifted ones. About 50% mentioned that the 
effort expended by them was not greater than that needed for the 
conventional method, but 50% of them considered that it was less than 
that for the conventional. 90% of the teachers considered that the 
time required for use of a programmed method was less than that 
required for the conventional method, and the opportunity for the 
pupil to do the practical lessons by themselves was increased. 80% 
agreed that the programmed method made more allowance for individual 
differences between pupils. All teachers claimed that the pupils 
encountered difficulties in understanding some frames in the programme 
especially Nos.62-1, 70-1, 71-1, 72-1, 73-1, 110-1, 111-1, 112-1,
113-1, 118-1, 119-1, 120-1, 121-1, from 135-1 to 139-1, 29-2, 30-2,
TABLE (5-17)
Teachers Responses to Questionnaire 1
Item Strongly Agree Not Disagree Strongly
No Agree % % Sure % % Disagree %
1 40 60 - - -
2 30 70 - -
3 40 50 10 - —
4 30 70 - - -
5 50 50 - - -
6 40 40 20 - ■ -
7 20 60 20 - -
8 20 70 10 - -
9 20 70 10 - -
10 40 60 - - -
11 20 70 10 - -
12 20 50 30 - -
13 - 70 20 - 10
14 30 70 - -
15 10 40 20 30 -
16 20 80 - - -
17 - - 80 20
18 - 20 10 50 20
19 - 50 10 30 10
20 60 30 10 - -
21 - - 50 40 10
22 - - 10 80 10
23 20 70 10 - -
24 10 70 20 • - -
25 20 80 - - -
27 60 20 10 10 -
28 20 40 20 - -
29 30 30 30 10 -
30 - 10 20 60 10
31 10 50 20 10 10
32 40 60 - . - .
33 40 50 10 -
34 20 70 - - 10
35 40 60 -
36 - 70 20 - .10
37 30 50 10 10 . -
37-2, 39-3, 50-3, 76-3, 77-3, 78-3, 79-3, 84-3, 85-3, 86-3, 87-3,
88-3, 97-3, 99-3, 107-3, from 121-3 to 140-3, from 163-3 to 167-3,
70-4, 71-4, 93-4, 113-4, 1-14-4, 139-4, 140-4, 141-4, 174-4, 175-4,
184-4, 193-4 and 194-4.
The opinions and attitudes formed indicated that 80% of the 
teachers agreed that it is possible to use programme learning in 
teaching physics to all secondary grades, while 10% disagreed.
Also, 60% agreed that it is possible to use programmed learning with 
other educational materials and science in the secondary and 
intermediate stages respectively. 70% considered that programmed 
instruction does not weaken the human relationship between 
teachers and pupils, while 10% did not consider that. 60% agreed that 
it is possible to use the programmed learning in rural and remote 
areas (where a single instructor is able to teach several classes of 
different levels simultaneously), while 20% disagreed. All the 
teachers agreed that it is possible for house pupils (self-study 
pupils) to gain benefits from programmed instruction. 90% agreed 
that programmed instruction can be used to improve study by the 
correspondence method. 90% of the teachers agreed that programmed 
instruction can be used to compensate for the difficiencies in 
training of non-specialist instructors, while 10% disagreed. All 
the teachers agreed that programmed instruction can help the pupil 
who has missed Some classes to catch up. 70% and 80% of the teachers 
agreed to use similar programmes in the teaching of other physics 
topics and to learn how to design an instructional programme, while 
10% disagreed. The teachers who supervised the use of programmed 
material have mentioned the following major advantages and 
disadvantages of the programmed instruction as observed in their 
classrooms:
The Advantages
1. It gave the pupil an opportunity to acquire the habit of
depending on himself in studying and in doing the practical 
lessons.
2 . It was easier for the teacher.
3. All pupils were busy, the class became like a workshop.
4. It saved teacher effort.
5. It saved time.
6. It concentrated on the principle scientific terms and
concepts.
7. The pupil studied at his own pace.
8. It assisted in improving practical skills.
9. It trained the scientific thinking of the learner.
10. It helped explain difficult points.
11. The objectives were made clear to the pupils, which assisted 
with learning.
12. The pupils enjoyed studying the programme.
The Disadvantages
1. It was not suitable for the pupils who have difficulties in
reading.
2. The weak pupils cheat in order to catch up with their 
colleagues.
3. The weak pupils were bored after a while.
4. When there were more than ten weak pupils in the classroom, 
the effort which the teacher expends is too great and 
exhausting, because the teacher must go over the 
difficulties many times.
5. If more than one pupil asked for help at the same time, 
the teacher could not reply to all of them at once, so 
they have to wait and that makes the discipline in the 
classroom difficult.
6. Some pupils felt too embarrassed to ask questions, so they 
preferred to cheat.
7. It reduced the rate of interaction between teachers and ' 
pupils.
8. When there is a general problem of understanding about a 
certain point, most of the pupils had to wait until 
everyone had reached that point.
The major difficulties that the teachers faced during the 
use of the programmed instruction method were with the discipline 
of the class when more than one pupil asked for help, and with 
weak pupils during the last month of the experiment, and in finding 
a suitable time to explain a general problem of understanding about 
a certain point.
The main suggestions of the teachers concerning this method 
were concentrated on: 1) increasing the number of instruments and
the apparatus which the programme needed; 2) giving an 
opportunity to the pupils, from an early stage, to develop their 
reading ability; 3) rejecting those teaching points which are of a 
higher demand level than the levels of the pupils; 4) classifying 
the pupils according to their conceptual level; 5) putting the 
correct responses in a place other than beside the stimulus of a 
frame; 6) applying this method in the last two years in 
secondary school; 7) reducing the number of pupils in the class 
to 15.
5.5.2 The Views and Attitudes of Pupils who Studied by
Using Programmed Textbook.
Three hundred and twnety three pupils responded to the 
questionnaire 2 (Appendix M ) . The responses for the first 19 
items were summarised in Table (5-18).
In this table, it can be seen that in some items the 
responses are spread over a wide range. But most of the subjects 
(66-87%) were between strongly agree and agree that:- most 
frames in the programme were readily understandable, the language 
employed in the programme was clear, the order of the frames in 
each chapter was sequential and logical, the chapters in the
TABLE (5-18)
Pupils* Responses on Questionnaire 2
Item Strongly Agree Not Disagree Strongly
No. Agree % % Sure % % Disagree %
1 17 49 16 14 4
2 50 37 10 4
3 33 38 22 6 1
4 28 40 26 5 1
5 44 40 10 4 2
6 52 35 10 4 1
7 21 36 20 19 4
8 31 26 18 14 11
9 56 24 8 6 6
10 9 11 15 24 41
11 24 16 44 11 5
12 19 18 14 30 19
13 10 13 16 30 31
14 44 27 16 9 4
15 37 20 15 13 15
16 20 29 17 18 16
17 40 27 19 10 4
18 34 23 19 12 12
19 37 38 15 7 3
programme had a logical and sequential interconnection, the 
printing of the frames book of the programme was excellent, it is 
not possible to dispense with the teacher in the study of physics
when using programmed instruction, they prefered studying the 
programme both in the classroom and at home, it was possible for 
house pupils (self-study pupils) to gain benefits from programmed 
instruction, programmed instruction can help the pupil who has 
missed some classes to catch up. Also, most of the pupils (80%) 
disagreed with the statement that, it is possible to study and 
understand the programme without the assistance of the teacher.
About 61% and 49% disagreed with studying the programmed material 
only in the classroom or at home respecitvely. And 57% of the 
subjects agreed that, the illustrative and applied examples were 
sufficient, the class time passed quickly and they did not feel 
bored, they would prefer to study modern mathematics by programmed 
learning, and this method could be used to improve study by the 
correspondence method. When pupils were asked if the teacher was 
enthusiastic about this method, 44% did not give a clear opinion, 
but 40% of them agreed that the teacher was enthusiastic and 17% 
disagreed. Also, when the subjects were asked if they prefered to 
study all other subject matter by this method, 49% agreed, but 34% 
disagreed, and the rest did not give their opinions.
When the subjects were asked to give the number of lessons 
(each lesson = 45 mins.) they needed to complete the programme V 
either in the classroom or at home (Item 20), their responses were 
extremely different. 73% of them studied the programme only in the 
classroom and they needed 15 - 23 lessons, the average was 17.2 
lessons. 27% of them studied the programme in the classroom and at 
home. They needed 20 - 23 lessons in the classroom and 1 - 1 0  lessons 
at home, the average was 18.5 lessons. The general average for all 
the programmed group was 17.7 lessons.
When the subjects were asked about how many times, 
approximately, they asked their teachers when faced with problems 
of understanding (Item 21), their responses were extremely varied.
Some of them (26 pupils) did not mention the number of times, but 
they wrote "very few", "few", "some", or "I cannot remember". But 
the range of the rest of them (297 pupils) was 0 - 35 being an 
average of 4.6 times.
When the subjects were asked to list the number of frames in 
which they encountered difficulty in understanding (Item 22), 12% of 
them did not mention any difficulties. Then when they were asked, 
by interviewing them, if they had forgotten to reply to this , 
question, most of them insisted that they had not faced any problems 
of understanding, but 5 of them (about 2%) said that some of the 
frames which were at the end of each chapter, were difficult, but they 
had solved them after several attempts. Also, the rest of the 
programmed group (88%) mentioned the frames in which they had 
encountered difficulty in understanding. It can be seen in Figure (5-1) 
that, 145 frames were completely clear and simple for all the 
programmed group, 115 frames had only one difficulty in each, 71 
frames had only two difficulties in each, and so on. By considering 
95% criteria for modifying or rejecting some frames of the 
programme, it is sensible to look at the frames which about 5% of 
the programmed group faced with difficulties in understanding. The 
frames in which 5% (or more) of the programmed group faced 
difficulties, are listed in Table (5-19). These frames must be 
modified if possible or rejected.
When the programmed group was asked to give its comments and 
TABLE (5-19)
The Difficult Frames
Frame
Percentage of Pupils 
Who Faced Difficulty
Frame
Percentage of Pupils 
Who Faced Difficulty
61-3 5 139-3 9
88-3 5 85-3 9
138-3 5 140-3 9
192-4 5 137-3 9
99-3 6 139-1 10
151-4 6 165-1 10
174-4 6 138-1 11
125-3 6 87-3 11
128-3 6 137-1 12
94-3 7 166-3 12
164-3 7 193-4 12
77-3 7 200-4 12
167-3 8 76-3 13
140-4 8 136-1 28
135-1 9
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suggestions concerning this method (Item 23), the pupils' replies 
were concentrated on their feeling towards the programme which they 
had used. Most of them considered that, this method was useful 
and practical, they expected a good future for it in Kuwait, it was 
easier than the traditional method, it was enjoyable and gave them 
a deal of self confidence, it is difficult to dispense with the 
teacher. They suggested putting the correct responses in another 
place of the textbook, using this programme after studying the 
prescribed concepts by the television in order to stress and revise 
what had been taught, using this method with all topics in secondary 
schools in Kuwait and all Arabic countries. They considered the 
idea of the panels textbook to be excellent; some said: this
method increased their interest in studying physics in the future 
they proposed using colour printing material and rejecting the 
problems which had complicated mathematical operations, studying 
modern mathematics with this method, rejecting the very simple 
frames and not using the replication for the same teaching point.
Also, when the subjects were asked to state the comments 
which they had heard from their fellow pupils concerning this 
method (Item 24), they gave different statements about this 
method, some were negative others positive. But most of them were 
positive, concentrated on the suitability of the programme in 
explaining the prescribed physics concepts. The negative attitudes 
towards the method concentrated on, the lack of examples in the 
programme, the difficulties in some frames, the inability of the 
teacher to assist more than one pupil at once, the cheating which 
weak pupils used by looking at correct responses before thinking, 
the lack of instruments and physics apparatus etc.
5.5.3 The views and Attitudes of Teachers who Employed the
Discussion Method
The teacher's role in this method was to give the pupils an 
assignment before the lesson, and beginning the lesson by 
introducing a problem for every one in the class to try and solve.
He gave help when it was necessary, by giving a prompt or some 
explanation. Also, the teacher's responsibility was to try to
create a suitable environment:in the classroom (see Appendix K ) .
Eleven teachers were responding to all items in 
Questionnaire 3 (Appendix N ) . The responses for the first 33 items 
are in Table (5-20). This table indicates that most of the 
teachers (72% - 100%) agreed or strongly agreed that the discussion 
method helped to increase the number of pupils participating, 
transferred the bulk of the talking from the teacher to pupils, 
enabled most pupils to assert their individuality,
TABLE (5-20)
Teachers1 Responses to Questionnaire 3
Item Strongly Agree Not Disagree Strongly
No Agree % % Sure % % Disagree %
1 45 55 - - -
2 36 55 9 ■ -
3 9 73 18 ' - -
4 27 64 9 -
5 45 37 18 - -
6 27 64 9 - -
7 27 73 -
8 45 55 - -
9 18 64 18 — -
10 - 27 9 46 18
11 18 73 9 — -
12 18 82 - -
13 36 55 9 -
14 27 73 -
15 36 55 9 - -
16 55 45 - - -
17 45 55 - - -
18 64 36 - - -
19 55 45 - - -
20 55 45 - - -
21 27 73 - - -
22 18 55 9 18 ■ -
23 27 46 9 18 -
24 55 36 9 -
25 27 64 9 - -
26 9 82 9 -
27 - - - 91 9
28 36 55 9 — • -
29 - - - 82 18
30 18 82 - . - - ■
31 - - - 100 -
32 36 64 - - -
33 36 46 - 18 -
helped to develop the intellectual capability of the pupils, 
led to an improvement in the ability of the pupils to express 
themselves from a language standpoint, helped to train the pupils 
in thinking logically, helped to train pupils to listen to others 
and to respect their opinions, helped to increase the participation 
of pupils in discussion during class, helped to clarify some of 
the difficult points as a result of the dialogue between the 
individuals of the discussion group, and helped in taking into 
account the individual differences between the pupils. Also, the 
teachers agreed that it was necessary for an appropriate climate 
for the discussion:- to ignore simple and casual behaviour, to 
know the background of misbehaving pupils, to treat the discussion 
group according to a fixed standard of behaviour, to encourage 
the serious pupil at the appropriate time, to avoid ridiculing 
the pupil who has committed an error in opinion or behaviour, to 
give ample time to the pupil to express himself about the problem 
under discussion, to avoid providing a direct solution, to present 
hints, to present the problem clearly and commensurate with their 
attainment level, and to assign homework prior to the discussion 
session.
About 64% of the teachers did not agree that they could 
generate a successful dialogue in a discussion group of 30 members. 
73% agreed that the problem introduced must challenge their minds. 
91% agreed that discussion method was not suitable in view of the 
time allocated for each subject matter,.and it was possible to 
use this method in the teaching of scientific subjects, and most 
pupils encountered difficulties in expressing their views in the 
first few sessions, but these difficulties disappeared in the 
last few sessions of discussion. All the teachers agreed that 
despite using the discussion method, some educational concepts and 
points remained difficult to understand by the pupils.
In recording the discussion sessions, all the teachers 
agreed that the recording affected the pupils and increased their 
participation in the discussion. Also, they noticed that the 
pupils felt happy when being called by their names. But 18% 
disagreed that recording discussion sessions had increased the
interest of the instructor towards the sessions.
When teachers were asked about the major difficulties they 
faced during the use of the discussion method, their replies 
concentrated on:- the lack of time allocated to the whole physics 
curriculum in the first grade, the possibility of reducing the 
bulk of the teacher's talking, the difficulty of clarifying all 
difficult points, the difficulty of generating a successful 
dialogue in a discussion group of about 30 pupils, the difficulty 
of moving some instruments from the main laboratory to the 
discussion laboratory, the pupils who had failed have give the 
solution of some problem immediately without allowing their 
colleagues enough time to think about it, the poorer pupils who 
did not try to participate despite encouragement, the misbehaving 
pupils who tried to talk about anything just for recording or 
because they noticed that the teacher was treating them leniently, 
the pupils who neglected to do the assigned homework prior to the 
discussion session, and finally the difficulties in introducing a 
problem at a level which challenged the pupils mind and generated 
thinking.
Teachers who employed the discussion method have mentioned 
some major advantages and disadvantages they observed in their 
classrooms:-
The advantages were that it:
1) helped in developing the intellectual capability of the 
pupil.
2) helped in training the pupils to listen to others and 
to respect their opinions.
3) helped in strengthening the relationship between 
teacher and pupil.
4) helped in increasing the self-confidence of the pupils.
The disadvantages were related to the;
1) isolation of low achievers.
2) difficulty of discussion during the practical lessons.
3) necessity for plenty of time.
The teachers suggestions regarding the discussion method were to;
1) classify the pupils according to their conceptual 
levels.
2) generate a discussion with a group of 15 members maximum.
3) begin to use this method from the elementary stage.
4) prescribe the number of topics proportional to the time 
allocated.
5) use this method with other subject matter.
5.5.4 The views and attitudes of pupils who studied by using the 
discussion method.
Three hundred and fifty three pupils responded to the 
questionnaire 4 (Appendix 0). The responses for the first 26 items 
were summarized in Table (5—21). In this table it can be seen 
that the responses for some items spread over a wide range. But 
most of the discussion subjects (62% - 87%) were between strongly 
agree and agree that the use of discussion method:- increased the 
pupils participation, enabled the pupils to talk more about each 
lesson, helped pupils in expressing themselves without fear, helped 
to stimulate the thinking of the pupils, led to an improvement in 
the ability of the pupils to express themselves from a language 
standpoint, helped to train the pupils in thinking logically,
TABLE (5-21)
Pupils Responses on Questionnaire 4
Item Strongly Agree Not Sure Disagree Strongly
No Agree % % % % Disagree %
1 50 38 8 3 1
2 47 35 11 5 2
3 52 23 19 5 1
4 49 31 13 4 1
5 34 40 20 6 -
6 43 37 15 4 1
7 57 27 11 4 1
8 28 34 28 7 3
9 63 22 8 6 1
10 24 26 23 15 12
.11 24 35: 20 18 3
12 57 19 14 6 4
13 7 5 13 20 55
14 28 30 16 16 10
15 31 32 25 7 5
16 5 12 20 33 30
17 42 34 13 8 3
18 8 8 10 21 53
19 46 32 12 6 4
20 48 25 14 7 6
21 43 37 12 4 4
22 61 26 12 1 -
23 27 29 36 6 2
24 44 22 18 9 7
25 53 27 12 5 3
26 38 27 20 9 6
helped to train the pupils in listening to others and to respect 
their opinions, helped to create a comfortable atmosphere in 
the classroom, and helped to clarify some of the difficult points 
as a result of the dialogue between the individuals of the 
discussion group. But when they were asked it a discussion group 
of 30 pupils gave an opportunity for each to participate, their 
responses indicated that 50% agreed, 23% not sure and 27% 
disagreed. Also, 59% of the discussion group agreed that this 
method helped all levels of pupils to participate effectively, but 
21% disagreed. When they were asked about their teachers, most 
of them (63 - 80%) considered that they:- encouraged the pupils 
to ask and enquire about each point not understood, were not 
annoyed with the pupil who asked about each point not understood,
treated their pupils in a mature and logical manner, did not order 
misbehaving pupils to leave the classroom, encouraged serious 
pupils at the appropriate time, did not ridicule the pupils who 
committed an error of opinion or behaviour inside the classroom, 
usually waited for the pupil speaking to finish his discourse, 
usually presented the question and waited for the solution from 
their pupils and did not give the solution until all the pupils 
in the class had failed to find it, and they used a clear and 
easily understandable language. Also, when they were asked if the 
teachers distributed their questions fairly to all pupils wishing 
to answer, 58% agreed that they did and 26% disagreed. Most of 
the pupils (65 - 87%) agreed that by calling them by their names 
created friendship and natural responsiveness with the class as 
well as outside. They thought also that the discussion method was 
appropriate for the teaching of modern mathematics, scientific 
and theoretical subjects. Also, 56% of them agreed that the teachers 
were enthusiastic about this method, 36% were not sure, and 8% 
disagreed.
When the pupils were asked to give their comment (item 27) 
they stated that:- it was necessary to reduce the number in the 
discussion group, the behaviour of the teachers completely changed 
which helped to create a comfortable atmosphere in the classroom, the 
pupils were trained to listen to others and to respect their 
opinions, the teachers presented useful information which explained 
many difficult points in the textbook, and assisted in reducing the 
required time for study at home. But they stated that this method 
was not suitable for low achievers. When they were asked to give 
comments which they had heard from their class mates (item 28) they 
replied in general that most of them enjoyed this new method and 
they would like to use it with all other subject matter.
5.6 FLANDERS1 TECHNIQUE FOR ANALYSIS OF VERBAL INTERACTION IN
' CLASSROOMS ORGANIZED FOR THE TRADITIONAL AND DISCUSSION 
METHODS
"Piaget's theory of intellectual development suggests a way 
of teaching science. Two tenets which Piaget would use when 
implementing his theory into classroom work are: (1) The students
must be active on the content to be learned and (2) There must be 
peer interaction " (Nelson, 1973, 25)i Verbal interaction is a 
practical application for the feedback which improves the 
quantitative and qualitative of the verbal behaviour of the 
teacher and his pupils (Lakani, 1976, 4). But to generate a 
successful interaction it is important to organize a good 
socio-emotional climate. Anderson and Walber (1968, 175, 177) 
studied the socio-emotional climate of the class and used student 
perceptions of it as predictors of class learning. They found 
that physics achievement is more highly related to student 
perceptions of climate than are the other criteria. Also, "students 
who gained the most on the Physics Achievement Test, for example, 
perceived their classes as socially homogeneous, intimate groups 
working in one goal; one might speculate that goal is high 
achievement on physics tests" (Walberg and Anderson, 1968, 417). 
Also, Amidon and Flanders (1969, 289) found that the pupils learned 
more in the classroom in which the teacher gave fewer directions, 
less criticism, less lecturing, more praise, and asked more 
questions which increase the pupils' verbal participation.
Verbal interaction analysis is very useful in studying the 
quantitative and qualitative of teacher/pupils' discourse in 
order to help the tacher to modify his verbal behaviour and to 
improve his teaching (Flanders, 1970, 3), (Morrison, 1975, 115), 
(Woods, 1969/70, 2894A).
"The most widely used observational system is the Flanders' 
ten category interaction analysis system" (Campbell, 1971, 317), 
because it is the easiest one, and it depended on social 
psychological theories, in order to estimate the effect of socio-
emotional climate on pupils1 attitudes and their educational 
attainments (Lakani, 1976,6). Flanders defines interaction 
analysis as "a system for observing and coding the verbal inter­
change between a teacher and his pupils” (Flanders, 1972, 63).
The investigator recorded 177 lessons for 12 classes in 
4 schools covering both the traditional and discussion methods. A 
random sample from these tapes was selected (see the circles in 
Table (5-22), which indicate to the selected recorded tapes for 
each class). 20 minutes from each tape was processed. The first 
20 minutes represents the first part of the lesson, the second 
20 minutes represents the middle part of the lesson, and the last
TABLE (5-22)
The Selection of The Random Sample 
of the Recorded Tapes.
School and Class
Number of Recorded Tapes for Each Class
1 2  3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Al-Jazair, 1/4 * 0  * k * 0  * k * 0 *
Al-Jazair, 1/7 * 0  * k * 0  * k k 0 * * * k k *
Al-Jazair, 1/1 * 0  * k * 0  * k k 0 *. *
Salah Eddeen, 1/6 * 0  * k * 0  * k k 0 k * * k k
Salah Eddeen, 1/2 * 0  * k *.0 * k k © k k k
Salah Eddeen, 1/4 •k 0  * k k 0  * k k 0 k k k k
Yousif Ben Issa, 1/10 * 0  * k * 0  * k k 0 k
Yousif Ben Issa, 1/6 * 0  * k k 0  * k k 0 k k k k k k k
Yousif Ben Issa, 1/1 * 0  k k * 0  * k k © k k k k k k k * * *
Al-Merkab, 1/7 -k 0  * k * 0  * k k © k k
Al-Merkab, 1/5 * 0  k k k 0  * k k 0 k k k k k k k k * *
Al-Merkab, 1/2 k 0  * k * 0  * k k 0 k k k * k *
20 minutes represents the last part of the lesson. This means that 
for each class, the investigator processed one hour. All verbal 
statements are classified at least once every three seconds. The 
events were coded by 1 to 10 according to category (see Table 5-23) , 
then tabulated in 10 x 10 matrices by intering two tallies at a
Flanders* Interaction Analysis Categories* (FIAC)
Teacher
Talk
1. A c c e p t s  f e e l i n g . Accepts and clarifies an attitude 
or the feeling tone of a pupil in a nonthreatening 
manner. Feelings may be positive or negative. Predicting 
and recalling feelings are included.
2. P r a i s e s  o r  e n c o u r a g e s .  Praises or encourages pupil 
action or behaviour. Jokes that release tension, but
Response not at the expense of another individual; nodding head, 
or saying "Um hm?" or "go on" are included.
3. A c c e p t s  o r  u s e s  i d e a s  o f  p u p i l s . Clarifying building 
or developing ideas suggested by a pupil. Teacher 
extensions or pupil ideas are included but as the teacher 
brings more of his own ideas into play, shift to 
category five.
4. A s k  q u e s t i o n s .  Asking a question about content or 
procedure, based on teacher ideas, with the intent that 
a pupil will answer.
5. L e c t u r i n g .  Giving facts or opinions about content or 
procedures; expressing his own ideas, giving his own 
explanation, or citing an authority other than a pupil.
6. G i v i n g  d i r e c t i o n s .  Directions, commanrds, or orders 
Initiation to which a pupil is expected to comply.
7. C r i t i c i z i n g  o r  j u s t i f y i n g  a u t h o r i t y .  Statements 
intended to change pupil behaviour from nonacceptable to 
acceptable pattern; bawling someone out; stating why the 
teacher is doing what he is doing; extreme self-reference.
Pupil
Talk
!
8. P u p i l - t a l k  - r e s p o n s e .  Talk by pupils in response to
„ teacher. Teacher initiates the contact or solicits pupil 
Response
v statement or structures the situation. Freedom to 
express own ideas is limited.
9. P u p i l - t a l k  - i n i t i a t i o n .  Talk by pupils which they 
initiate. Expressing own ideas; initiating a new topic;
Initiation freedom to develop opinions and a line of thought, like 
asking thoughtful questions; going beyond the 
existing structure.
10. S i l e n c e  o r  c o n f u s i o n . Pauses, short periods of 
Silence silence and periods of confusion in which communication
cannot be understood by the observer.
* There is no scale implied by these numbers. Each number is 
classificatory; it designates a particular kind of communic­
ation event. To write these numbers down during observation 
is to enumerate, not to judge a position on a scale.
** Flanders (1970, 34).
time. The first number of each pair indicates the row of the 
matrix, the second the column. The first pair consists of the 
first two numbers. The second pair consists of the second and third 
numbers, and thus overlaps the first pair. All tallies enter the 
matrix as a series of overlapping pairs. (More details, Flanders, 
1970).
Flanders suggested some simple ratios which provide 
information in terms of teacher/pupil interaction. These are the 
ratios (Flanders, 1970, 99 - 111):
1. The Teacher Talk (T.T.): This corresponds to the
amount of that time of the teacher talks. T.T. can be 
found by adding category frequencies of the columns 
1 + 2 + 3  + 4  + 5  + 6 + 7 ,  multiplying by 100, and 
dividing by the sum of the matrix tallies i.e.
T . T .  = -E- ^ -lu n p s  (1  !  jj; + ? * 4 *  5 + 6 *  7 > x  1 0 0
£ Tallies
2. The Pupils Talk (P.T.): This corresponds to the
amount of time that the pupils talk. P.T. can be 
found by adding category frequencies of columns 8 + 9, 
multiplying by 100 and dividing by the sum of the 
matrix tallies i.e.:
p . t . = ( 8  - 9)  x  i o o
£ Tallies
3. The Pause Communication (P.O.): This corresponds to
the time passed when there is a pause in classroom 
communication or when there is noise and confusion. 
P.C. can be found by adding category frequencies of 
the column 10 multiplying by 100, and dividing by the 
sum of the matrix tallies i.e.:
P.C. = ]00
£ Tallies
The Teacher Response Ratio (T.R.R.): This corresponds
to the teacher’s tendency to react to the ideas and 
feeling of the pupils. The T.R.R. can be found by 
adding category frequencies of the columns 1 + 2 + 3  
multiplying by 100, and dividing by the sum of the 
columns 1 + 2 + 3 + 6 + 7  i.e.:
T R R *= 1 Columns (* + 2 + 3). . ■
i,K,K* I Columns (1 + 2 + 3  + 6 + 7) X
The Instantaneous Teacher Response Ratio (T.R.R. 89): 
This is the tendency of the teacher to praise or 
integrate pupil ideas and feelings into the class 
discussion, at the moment the pupils stop talking.
The T.R.R.89 can be calculated by adding the cell 
frequencies in rows 8 and 9, columns 1, 2 and 3, 
multiplying this sum by 100, and dividing the product 
by the total tallies in the cells of rows 8 and 9, 
columns 1, 2, 3, 6, and 7 i.e.:
T R R 89 = £ rows (8 + 9) of Columns ( 1 + 2 + 3 ) _______
£ rows (8 + 9) of Columns ( 1 + 2 + 3 + 6 + 7 )
x
The Teacher Question Ratio (T.Q.R.): This is an index
representing the tendency of a teacher to use questions 
when guiding the more content oriented part of the 
class discussion. The T.Q.R. is the percent category 4 
and 5 statements which are classified in category 4.
It is calculated by multiplying the category 4 
frequency by 100 and dividing by the sum of categories 
4 and 5 i .e .:
T ^ R - = I Columns^(4 ♦ 5) * 100
The Instantaneous Teacher Question Ratio (T.Q.R.89):
100
This is the tendency of the teacher to respond to 
pupil talk with questions based on his own ideas, 
compared to his tendency to lecture. The T.Q.R.89 is
calculated by adding the frequencies in cells
(8 - A) + (9 - A), multiplying by 100, and dividing
by the total tallies in the four cells (8 - A) + (8 - 5)
+ (9 - A) + (9 - 5) i.e.:
T n p AQ = 1 rows (8 * 9) of Column 4 x loo
' E rows (8 + 9) of Columns (A + 5)
8. The Pupil Initiation Ratio (P.I.R.): which is defined as
the proportion of pupil talk as judged by the
observer to be an act of initiation. The P.I.R. can be 
calculated by multiplying the frequency in category 
9 by 100 and dividing by the sum of all pupil talk i.e.:
P.I.R. = * - ^ U1Pn ’ ,' x 100
E Column ( 8 + 9 )
9. The Content Cross Ratio (C.C.R.): which is concerned
directly with content. The C.C.R. is found by 
calculating the percentage of all tallies which lie 
within the columns and rows of categories A and 5 i.e.:
  E 2 Columns (A + 5) - E rows ( A +5) of (A + 5)
C.C.R. - E" Tallies ' X i °°
10. The Steady State Ratio (S.S.R.): which reflects the
tendency of teacher and pupil talk to remain in the 
same category for periods longer than 3 seconds. The
5.5.R. is calculated by adding the frequencies in the 
(1 - 1) + (2 - 2)+...(10 - 10) cells, multiplying by 
100, and dividing by the sum of the matrix tallies:
5.5.R. = a -  2)+... (10 - 10) 1(J0
E Tallies
11. The Pupil Steady State Ratio (P.S.S.R.): which reflects
the tendency of the pupil talk to remain in the same
category for periods longer than 3 seconds. The P.S.S.R. 
is calculated by adding the frequencies in the ( 8 - 8 )  + 
(9 - 9) cells, multiplying by 100, and dividing by all
pupil talk tallies i.e.:
P -S-S*R- = I coiiLs8(8 * 100
To compare the teacher/pupil interaction in both traditional 
and discussion methods, the findings of 12 classes were tabulated 
in Tables (5-24) to (5-29) for the traditional method and in Tables^ 
(5-30) to (5-35) for the discussion method.
It can be seen, in all these tables, that the percentages 
of the "accepts feeling" cateogory were very low in both the 
traditional and discussion method with range (0 - 1%) and the average 
of 0.32%. This means that the teachers did not accept the feelings 
and attidues of their pupils. In category 2 which is concerned with 
"teacher praise or encouragement", the range of percentages in 
the discussion method was (1.54 - 4.22%) with the average of 
2.51, and the range of percentages in the traditional method was 
(0.75 - 1.92%) with the average of 1.29. This means that teachers 
in the discussion method praised and ecnouraged their pupils more 
than teachers in the traditional method did. In category 3 which 
is concerned with "teacher acceptance or use of ideas from pupils", 
the range of percentages in the discussion method was (17.08 - 
27.34%) with the average of 21.44%, and the range of percentages 
in the traditional method was (6.57 - 14.17%) with the average of 
10.03%. This means that the teachers in the discussion method were 
more successful than the teachers in the traditional method in 
clarifying, building or developing ideas suggested by a pupil. In 
category 4 which is concerned with "teacher asking of question", 
the range of percentages in the discussion method was (6.68 - 13.67%) 
with the average of 9.25%, and the range of percentages in the 
traditional method was (4.32 - 7.05%) with the average of 6.09%.
This means that the teachers in the discussion method tended to ask 
questions about content and procedure more often than did the 
teachers using the traditional method. In category 5, which is 
concerned with "teacher, giving facts or opinions about content 
or procedures, expressing his own ideas, giving his own 
explanation", it is seen that the range of percentages in the 
traditional method was (50.57 - 71.12%), with the average of
TABLE (5-24)
Traditional, Al-Jazair School, Class 1/4
Cat 1 2 3 4 5 6 7 8 9 10 Total
1 0
2 5 1 4 1 11
3 48 6 14 2 1 7 1 79
4 1 1 19 9 4 18 20 72
5 2 31 778 6 2 1 5 825
6 2 7 3 15 2 1 4 34
7 5 3 10 3 21
8 2 26 2 6 3 27 2 68
9 2 2
10 1 6 6 5 2 11 1 57 89
Total 0 11 79 72 825 34 21 68 2 89 1201
% 0 0.92 6.57 5.96 68.69 2.83 1.75 5.66 0.17 7.41 100
% 86.76 5.83 7.41 100
TABLE (5-25)
Traditional, Al-Jazair School, Class 1/7
Cat 1 2 3 4 5 6 7 8 9 10 Total
1 0
2 6 3 1 1 4 15
3 109 17 22 4 1 18 1 2 174
4 1 1 28 9 1 21 2 18 81
5 30 581 2 4 1 1 2 621
6 2 1 5 26 2 7 1 1 45
7 2 1 3 37 3 1 3 50
8 5 49 3 3 3 3 38 2 106
9 1 5 1 13 1 21
10 2 3 1 6 2 13 2 86 115
Total 0 15 174 81 621 45 50 106 21 115 1228
% 0 1.22 14.17 6.60 50.57 3.66 4.07 8.63 1.71 9.36 100
% 80.29 10.34 9.36 100
TABLE (5-26)
Traditional, Al-Jazair School, Class 1/1
Cat 1 2 3 4 5 6 7 8 9 10 Total
1 4 2 1 7
2 1 9 1 1 1 3 16
3 1 1 74 3 12 3 1 1 2 98
4 2 1 18 8 15 8 52
5 26 760 5 7 8 806
6 2 3 22 2 5 34
7 1 1 5 7
8 1 2 9 5 38 3 3 61
9 9 3 1 1 8 1 23
10 2 3 2 11 3 3 3 72 99
Total 7 16 98 52 806 34 7 61 23 99 1203
% 0.58 1.33 8.15 4.32 67.00 2.83 0.58 5.07 1.91 8.23 100
% 84.79 6.98 8.23 100
TABLE (5-27)
Traditional, Salah Eddeen School, Class 1/6
Cat 1 2 3 4 5 6 7 8 9 10 Total
1 0
2 12 2 2 6 1 23
3 6 102 6 19 2 4 139
4 1 21 12 33 1 2 70
5 1 32 727 3 1 6 4 774
6 1 1 13 2 1 18
7 2 7 9
8 2 23 7 3 50 6 91
9 10 1 1 22 2 36
10 1 2 1 3 5 3 26 41
Total 0 23 139 70 774 18 9 91 .36 41 1201
% 0 1.92 11.57 5.83 64.45 1.50 0.75 7.58 3.00 3.41 100
% 86.01 10.57 3.41 100
TABLE (5-28)
Traditional, Salah Eddeen School, Class 1/2
Cat 1 2 3 4 5 6 7 8 9 10 Total
1 ■ 0
2 7 1 8 1 2 19
3 9 90 4 16 2 10 2 2 135
4 28 18 29 7 82
5 40 667 2 1 4 16 730
6 9 2 1 3 15
7 1 1 2 13 17
8 35 6 3 42 5 92
9 7 1 1 7 15
10 3 1 2 16 2 1 8 2 69 104
Total 0 19 135 82 730 15 17 92 15 104 1209
% 0 1.57 11.17 6.78 60.38 1.24 1.41 7.61 1.24 8.60 100
% 82.55 8.85 8.60 100
TABLE (5-29)
Traditional, Salah Eddeen School, Class 1/4
Cat 1 2 3 4 5 6 7 8 9 10 Total
1 1 1
2 3 2 9
3 1 2 71 6 23 103
4 25 5 43 14 85
5 33 815 1 2 1 5 857
6 4 1 .1 6 .
7 1 1 4 6
8 1 24 11 7 30 1 5 80
9 3 3 6
10 2 1 9 6 1 7 25 52
Total 1 9 103 85 857 6 6 80 6 52 1205
% 0.08 0.75 8.55 7.05 71.12 0.50 0.50 6.64 0.50 4.32 100
% 88.55 7.14 4.32 100
TAJJLli
Discussion, Yousif Ben Issa School, Class 1/10
TotalCat
20
354189
17753
194174
123 349189
20
100
Total 354 194 349
26.95
177 1295100
1.54 27.34 13.87 14.98 4.02 1.24 1.541.00 7.72 100
63.78 28.49 7.72 100
TABLE (5-31)
Discussion, Yousif Ben Issa School, Class 1/6
Cat 1 2 3 4 5 6 7 8 9 10 Total
1
6 1 2 1 10
2 1 16 4 2 1 1 7 1 33
3 2 4 196 30 10 9 6 33 3 2 295
4 1 50 2 7 1 48 11 120
5 19 267 3 1 290
6 3 1 19 2 23 _ 5.... . .53
7 1 4 2 2 1 19 3 2 34
8 8 83 6 3 11 3 169 9 292
9 2 1 3 6
10 5 2 10 2 1 3 9 35 66
Total 10 33 295 120 290 53 34 292 6 66 1199
% 0.83 2.75 24. b0 10.01 24.19 4.42 2.84 24.35 0.50 5.50 100
X 69.64 24. 85 5.50 100
TABLE (5-32)
Discussion, Yousif Ben Issa, Class 1/1
Cat Total
151 234
175 20021
56
30
41610 278
10 116
Total 234 416200 30 1209116
4.22 19.35 16.540.17 4.637.11 2.48 34.41 1.49 9.59 100
54.51 35.90 9.59 100
TABLE (5-33) 
Discussion, Al-Merkab, Class 1/7
Cat 1 2 3 4 5 6 7 8 9 10 Total
1 2 1 1 4
2 15 1 2 3 6 27
3 2 144 25 18 3 1 17 1 4 215
4 24 6 2 60 1 8 101
5 1 33 321 1 1 357
6 2 1 1 2 1 . .31 _ 6 . ... 44. . _
7 1 1 2 2 1 7
8 1 57 11 3 32 1 239 5 26 375
9 6 12 1 19
10 8 4 4 5 5 2 19 63 110
Total 4 27 215 101 357 44 7 375 19 110 1259
% 0.32 2.14 17.08 8.02 28.36 3.49 0.56 29.79 1.51 8.74 100
% 59.97 31.29 8.74 100
TABLE (5-34)
Discussion Al-Merkab, Class 1/5
Cat Tota
19830137
11820
240215
19
41829631
117
1178117418240198 118Total
9.93 10035.48 1.100.592.7210.02 20.3716.810.25 2.72
9.93 10036.5953.48
TABLE (5-35) 
Discussion, Al-Merkab, Class 1/2
Cat 1 2 3 4 5 6 7 8 9 10
—  ...... .
Total
1 5 1 2 8
2 10 2 3 4 1 20
3 2 2 187 25 9 2 2 40 5 7 281
4 1 14 3 4 1 47 10 80
5 15 164 1 1 181
6 9 27 5 41
7 2 3 1 3 9
8 3 76 17 17 300 2 19 434
9 8 1 14 1 24
10 1 4 9 5 3 6 2 15 2 73 120
Total 8 20 281 80 181 41 9 434 24 120 1198
% 0.67 1.67 23.46 6.68 15.11 3.42 0.75 36.23 2.00 10.02 100
% 51.75 38.23 10.02 100
_________
63.70%, and the range of percentages of the discussion method was 
(14.98 - 28.36%) with the average of 19.93%. This means that 
the teachers in the traditional method tended to lecture rather 
than give opportunities to their pupils to participate. In 
category 6, which is concerned with "teacher giving directions, 
commands or orders", the range of percentages in the traditional 
method was (0.50 - 3.66%) with the average of 2.09%, and the 
range of percentages in the discussion method was (2.72 - 4.63%)
with the average of 3.78%. This seems to have occured in the
traditional method because the teachers were talking most of the 
time without finding the necessity for pupil participation. In 
category 7 which is concerned with "teacher criticising or 
justifying authority", the range of percentages in the traditional 
method was (0.50 - 4.07%) with the average of 1.51%, and the 
range of percentages in the discussion method was (0.56 - 2.84%)
with the average of 1.41%. These two averages are very close
together. The low value occured - possibly - because the lessons 
were recorded, so the teachers tried to reduce criticism of their 
pupils. In category 8, which is concerned with "pupil —  talk - 
response", the range of percentages in the traditional method was 
(5.07 - 8.63%) with the average of 6.87%, and the range of 
percentages in the discussion method was (24.35 - 36.23%) with the 
average of 31.20%. This means that the teachers in the discussion 
method gave ample opportunities to their pupils to respond and to 
give explanations to the qeustions or ideas posed, which did not 
occur enough in the traditional method. In category 9, which is 
concerned with "pupil - talk - initiation", the range of 
percentages in the traditional method was (o.l7 - 3.00%) with the 
average of 1.42%, and the range of percentages in the discussion 
method was (o.50 - 2.00%) with the average of 1.37%. The averages 
in both two methods were similar and low. This means that the 
pupils' background knowledge was not rich enough to present new 
information, or to express their own ideas, or the teachers did 
not give them that opportunity. In category 10, which is concerned 
with "silence or confusion", the range of percentages in the 
traditional method was (3.41 - 9.36%) with the average of 6.89%, and 
the range of percentages in the discussion method was (5.50 - 10.02%)
with the average of 7.67%. The distributions and averages of the 
percentages were closed in both two methods. This means, in 
general, that teachers in both methods were talking or giving 
opportunities to their pupils, or did not give them enough 
opportunities for thinking, or this occured because the lessons 
were recorded, so teachers tried to avoid noise and confusion by 
talking asking and giving directions. The last reason was the 
most common one used by the teachers in both methods.
The Flander's ratios, which as has already been mentioned, 
were computed for each class and tabulated with Flander's 
findings - which he collected from many studies - for each ratio 
(see Table 5-36). In this table it can be seen, in general, that 
the range of percentages of the teacher talk "T.T." in the 
traditional method was (80.29 - 88.55%) with the average of 84.83%. 
and the range of percentages in the discussion method was (51.75 - 
69.64%) with the average of 58.86%, and the standard percentage 
found by Flanders was 68%. This means that the teachers in the 
discussion method succeeded in reducing their "talking time" and 
gave some opportunities to their pupils to participate. The 
percentages in most of the traditional classes were lower than the 
percentages found by Flanders.
The range of percentages of the pupils talk "P.T.", in the 
traditional method was (5.83 - 10.57%) with the average of 8.29%, 
and the range of percentages in the discussion method was (24.85 - 
38.23%) with the average of 32.56%. These results indicate that 
the teachers in the traditional method tended to lecture most of 
the time and they did not give enough opportunities for their 
pupils to talk. At the same time, teachers who employed the 
discussion method tried to reduce their talking, to give 
opportunities to their pupils, and they succeeeded in increasing 
the percentage of pupils talk to a higher level than the pupils 
talk in the traditional method and to a higher level than the 
Flanders standardised percentage.
It was explained previously about the pauce communication
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"P.C." (see the explanation of category 10). It was found that 
the averages in both traditional and discussion methods were 6.89% 
and 7.67% respectively, and both of them lower than Flanders1 
ratio (11 - 12%).
The range of percentages of the teacher response ratio 
"T.R.R." in the tradtional method was (62.07 - 90.40%) with the 
average of 82.46%, and the range of percentages in the discussion 
method was (76.94 - 86.07%) with the average of 82.68%. The 
averages were very close together and all the percentages in both 
methods were higher than the average percentage found by Flanders 
(42%). This means that the teachers in both methods tended to 
react to the ideas and feelings of their pupils.
The range of percentages of the instantaneous teacher 
response ratio "T.R.R.89", in the traditional method was (90.91 - 
100%) with the average of 95.52%, and in the discussion method was 
(65.98 - 86.11%) with the average of 77.94%. All percentages were 
higher than the average percentage found by Flanders (60%). This 
means that teachers in both methods tended to praise or intergrate 
the ideas and feelings of their pupils at the moment the pupils 
stopped talking, especially teachers of the traditional method.
The range of percentages of the teacher question ratio 
"T.Q.R." in the discussion method was (22.05 - 47.71%) with the 
average of 31.02%, and in the traditional method was (6.06 - 11.54%) 
with the average of 8.84%. Most cases in discussion method were 
higher than that found by Flanders, while all cases in traditional 
method were lower than that found by Flanders (26%). This means 
that the teachers in the discussion method tended to pose 
questions when guiding the content oriented part of the class 
discussion, while teachers in traditional method spent most of the 
time in lecturing.
The range of percentages of the instantaneous teacher 
questions ratio "T.Q.R.89", in the discussion method was (66.67 - 
100.) with the average of 86.37%, and in the traditional method was 
(0.00 - 70.00%) with the average of 44.96%. In all cases the
percentages in the discussion method and in most cases the
percentages in the traditional method were higher than those found
by Flanders (44%). This means that most of the teachers tended to 
respond to pupil talk with questions based on his own ideas, 
compared to his tendency to lecture, especially the teachers of the 
discussion method.
The range of percentages of the pupil initiation ratio 
"P.I.R." in the traditional method was (2.86 - 28.35%) with the 
average of 16.02%, and in the discussion method was(2.01 - 5.42%) 
with the average of 4.11%. All the percentages were lower than those 
found by Flanders (34%). This point has already been explained, 
when it was considered that the pupils' background knowledge was 
not rich enough in order for them to initiate new information (this 
was especially true of the pupils in the discussion method), thus 
even where the pupils had a good opportunity to talk about the 
content presented by the teacher, they could not introduce new 
information on their own ideas.
The range of percentages of the content cross ratio "C.C.R."
in the traditional method was (61.56 - 83.49%) with the average of 
74.42%, and in the discussion method w a s (27.21 - 46.18%) with the 
average of 37.26%. All percentages in the discussion method were 
lower than Flanders' average percentage (55%). This means that the 
teachers in the traditional method concentrated on the facts and 
information more than the prcoedures of the teaching situation, 
while the teachers in the discussion method distributed their effort 
on to both content and educational procedures.
The range of percentages of the steady state ratio "S.S.R." 
in the traditional method was (75.24 - 83.96%) with the average of 
79.85%, and in the discussion method was (56.22 - 65.87%) with the 
average of 63.33%. All percentages in both methods were higher than 
those found by Flanders (50%). This means that the teachers and 
pupils talk in the traditional method remained in the same 
category - for periods longer than 3 seconds - more than the teachers 
and pupils in the discussion method.
The range of percentages of the pupil steady state ratio 
"P.S.S.R.11 in the discussion method was (54.20 - 70.07%) with the 
average of 63.28%, and in the traditional method was (38.37 - 
56.69%) with the average of 45.72%. All percentages in both methods 
were equal or higher than that found by Flanders (35 - 40%). This 
means that the pupils* discussion method tended to remain in the 
same category for periods longer than 3 seconds, more than pupils' 
traditional method. This also gives an indication that the pupils 
in the discussion method had an opportunity to talk for a longer 
time than those in the traditional method.
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6.1 INTRODUCTION
In order to help solve the main problem of this research, 
namely that a large number of pupils found it difficult to under­
stand specific concepts in physics, those parts of Piagetian theory 
which relate to science teaching were applied as follows:
(1) By using a paper and pencil test to determine the 
conceptual level of the pupils.
(2) By studying whether it is possible to accelerate the 
cognitive development of the pupils in the first 
grade in Kuwaiti secondary schools.
(3) By investigating the relationship between the pupils1 
conceptual levels and their physics achievement, I.Q., 
sex and nationality.
(4) By finding the views and attitudes of teachers and 
pupils towards the programmed learning and discussion 
methods.
(5) By studying the main differences between the traditional 
and the discussion method by use of Flanders’ verbal 
interaction analysis technique.
From the results, a general picture was drawn which indicated 
the possibility of using Piaget’s theory to propose suitable 
teaching methods and to organize curricula* in science generally
!  i
and in physics in particular, in order to improve current 
arrangements. The principles of teaching, if deduced from 
a knowledge of the child’s intellectual development, can 
significantly and qualitatively alter the behaviour of the 
teacher and the nature of the experiences which can be 
arranged for the child (Schwebel and Raph, 1973, 4).
6.2 DISCUSSION
6.2.1 Piagetian Stages and Chronological Ages
Piaget believes that the process of intellectual development 
results from interaction between an individual and the environment 
by adaptation operations (Kolodiy, 1975, 20). These operations 
are linked together in order to develop the operational structure 
of the learner, which constitutes the basis of the individual’s 
knowledge (Piaget, 1964, 177). Such operational structures go 
through a series of main developmental stages which are approx­
imately related to chronological age as follows: sensorimotor
(0-2 years), preoperational (2-7 years), concrete operational 
(7-11 years), and formal operational (11-15 years). Recently,
Piaget has modified his views on the last stage by stating:
"all normal subjects attain the stage of formal operations or 
structuring if not between 11-12 to 14-15 years, in any case 
between 15 and 20 years" (Piaget, 1972, 9). The ages at which 
different subjects reach these stages may vary because the stages 
are not purely a question of the maturation of the nervous system 
but are dependent upon interaction with the social environment and 
with general experience. However, the order remains constant 
(Piaget, 1971, 7) in any culture (Ashton, 1975, 477). According 
to Piaget’s theory, children demonstrate the concept of conservation 
more frequently as age increases, and the transition between stages 
occurs abruptly. The results of this investigation, which was 
conducted on the first year pupils of secondary schools in Kuwait, 
of average age 15.12 years, indicated that their performance on 
the Piagetian Items Test, in general, developed gradually rather 
than abruptly. This result was consistent with the results of 
Ausubel (1964, 262), Dale (1970, 285) and Kofsky (1966, 202).
At the same time the results confirmed, to some extent, 
the essential assumption of Piaget’s theory i.e. that children 
demonstrate the concept of conservation more frequently as age
increases. The correlation coefficients between the pupils’ 
conceptual level (as determined by P.I.T.) and chronological ages 
were positive and low, but most of them were significant at the 1% 
level and they increased from younger to older subjects. This 
result was consistent with the findings of Elkind (1961, 555;
1962, 627), Pratoomraj and Johnson (1966, 351), Anooshian and 
Carlson (1973, 389), Goldschmid (1967, 1238), Brainerd (1971, 469), 
Gaudia (1972, 158), Grass (1972, 1537A), and Case (1962, 109).
This result was not consistent with those of McNeill (Bruner 
et al, 1967, 530) and Cleminson (1970, 4575A). The view of McNeill 
that "many fascinating observations... shows that older children 
perform more poorly on certain tasks than do younger childred"
(ibid) did not give a clear explanation of what was meant by 
"many". In the investigation reported here, it was found that 
about 66% of the pupils who had only attained level 1 were "older 
pupils", and were slow learners, so that they stayed in one class 
sometimes for more than one year. Their chronological ages were 
high, while their conceptual levels were low. Piaget suggested 
his stages theory for children who are normal, in maturation, 
experience and social transmission. Slow learners show a lack 
in one or more of these factors. In order to take special cases 
into consideration, any phenomenon must be studied generally.
The investigator believes that the study of any phenomenon must 
be undertaken on a large sample. Cleminson deduced that his 
result "lends support to the idea that Piaget's stages of 
intellectual development are not tightly bound to age range 
that encompass all children, but are rather broad in scope 
and different for each individual". His result was deduced 
from a limited number of students relatively (3 classes) and 
from one area.
The distribution of the pupils’ conceptual levels indicated 
that 47%, in the first application of the test and 42% of the pupils 
in the second application, were in the concrete operational stage 
or below. About one-third of all the pupils (in both applications)
were in the transitional stage between the concrete and formal 
stages. 18% in the first application and 27% in the second 
application were in the early formal stage. These results were 
consistent, approximately, with the findings of Lawson and Renner 
(1974, 549), Lawson (1973, ED 089 964), McNally (1970, 132), 
Kohlberg and Gilligan (1974, 686A), Grant and Renner (1975, 285), 
Lawson (1976, 230), Dale (1970, 107), Lawson and Renner (1975a, 
351-5) and Kolodiy (1975, 805A). The percentage in the formal 
stage found by this investigation was higher than the percentages 
found by Nordland et al (1974, 573), Chiappetta (1976, 254), 
McClenahan (1974, 686A), Hughes (1965, 107), Renner and Stafford 
(1972, 291-6) and McKinon and Renner (1971, 1048). The percentage 
in the formal stage found by this investigation were lower than 
those found by Lawson and Blake (1976, 230) and Kolodiy (1975, 21). 
The most important point here was not that the results of this 
investigation were consistant or not with other results, but that 
the distribution of the subjects’ levels in a specific school grade 
was found. The grades from which pupils were chosen varied greatly 
in other studies. The distribution found elsewhere were not 
unexpected being consistent with Inhelder and Piaget’s view 
(1966, 337) that conceptual level is dependent on the social 
environment and on cultural and educational conditions.
The question here is: how can the educator organize an
effective teaching situation in the classroom where different levels 
are present at the same time? Also, recent research has clearly 
shown that "these differences greatly affect students’ ability to 
comprehend subject matter (Lawson and Renner, 1975a, 356). The
problem is made more difficult if half of the pupils who attained
the transitional stage between the concrete and the formal stage 
were classified at the concrete stage and the other half at the
formal stage. Thus most, but not all, of the pupils in the first
grade in Kuwait secondary schools were at the concrete operational 
stage or at the stages below. The demands that the pupils made on 
the teaching situation were thus great and varied.
The percentage of 15 year old pupils in Kuwait who reached 
the early formal substage was 18% in the first application of "P.I.T 
and 27% in the second application. Thus the speed concept, which 
is usually presented in a "formal" manner, was found to be 
developed when older than 12-14 years proposed by Piaget, despite 
the fact that adolescent boys are very interested in cars and racing 
Also this means that formal stage develops at a later time than that 
which Piaget has reported. This result was consistent with that 
found by Lawson and Renner (1974, 547) and Kavanagh (1972, 6746A).
6.2.2 The Clinical and Paper-Pencil Methods
The clinical method was used by Piaget in all of his 
investigations. This method is often criticized for the change 
of experimental procedures between subjects and the variations 
in question phrasing (Partoomraj and Johnson, 1966, 345), 
(Mermelstein and Shulman, 1967, 50), and results may be 
especially susceptible to experimenter effect (Phillips,
1975, 3-4). Some or all of these affect the child’s reaction 
(Fogelman, 1969, 40), and make it extremely difficult to compare 
the findings of studies (Goldschmid and Bentler, 1968, 787). In 
addition, Piaget deduced some results and hypotheses by observing 
a small number of children from one background (Shayer, 1970, 182) 
(Russell, 1965, 161), and the experimental situations used by 
Inhelder and Piaget were cumbersome and time consuming (Ward,
1972, 268).
In seeing an alternative, "Studies have shown that group 
paper and pencil tests can produce results that are comparable to 
Piaget’s findings" (Raven, 1973, 377) (Dodwell, 1961, 36). Other 
research workers found that individual interviews do provide some 
opportunity to see how the child is thinking, for which the paper 
and pencil test provides little opportunity (Herron, 1977, 21). 
Tisher found by comparing paper and pencil questionnaires with
PiagetTs clinical approach, that the agreement as classification 
was 77% (Tisher, 1971, 1634). The Tisher questionnaire was used 
by Field and Cropley (1969, 10) to study the relationship between 
mental operations and science achievement. They found that science 
achievement was significantly related to the level of mental 
operation as defined by Tisher’s questionnaire. Group tests 
were used by Nitta and Nagano (1967, 21), Goldschmid and Bentler 
(1968, 788) and by Peel (1966, 78-80), in order to determine the 
conceptual levels of the subjects by providing easy administration 
and contents which would be interesting to the children. McNally 
(1970, 126-8) has applied P eel’s technique and found that the 
characteristics of the intuitive, concrete and formal stages 
were seen to be similar to those noted by Piaget. In Table 2-3 
it can be seen that other research workers have tried to derive 
a group mental test in order to determine the conceptual levels 
of children or to compare their performance on a group test with 
the individual interview performance.
Previous findings, in general, encouraged the use of a 
paper and pencil method (to determine the conceptual levels'of 
the sugjects), which could be practical to administer to a large 
number of subjects from different backgrounds, by saving a great 
deal of time and effort, but it must be interesting and it is 
necessary to take care to reduce the possibility of additonal 
alternative effects.
For that purpose, the Piagetian Items Test "P.I.T.” was 
constructed to be used in a group situation. This test was derived 
directly from Piaget’s tasks. Because the pupils in Kuwait, especially 
the boys, are usually very interested in cars and racing, the speed 
concept which involves the comparison of the speed of two cars, 
was selected. It was expected that the application of the test 
would be enjoyable. To reduce the requirement of reading ability, 
the questionswhich were derived directly from Piaget’s tasks, were 
ordered so as to be suitable for group administration and the 
magnetic board was used. The test was administered to 788 pupils
from different regions to cover a wide variety of pupils’ back­
ground experience. The average time required for the administration 
of the test for all the samples was 54 hours.
By use of the Guildford Pattern, which has been used by the 
Concepts Secondary Mathematics and Science (CSMS), and the two-thirds 
success rate criterion, the items of the test gave good discrimination 
between conceptual levels of the pupils (see graphs of figures 5-1 
and 5-2). Also most of the correlation coefficients between the 
conceptual level and crhonological age were low and positive, but 
most were significant at the 1% level. These results were similar 
to the results found by other research workers such as Anooshian 
and Carlson (1973, 389), Goldschmid (1967, 1238), Brainerd (1971,
469), Gaudia (1972, 158), and partially supported Piaget’s position.
In Piaget’s clinical interview method, if the subject gives 
a vague explanation which some times depends on a misunderstanding 
of the question being presented, the experimenter could check by 
alteration of question phrasing. The problem here is that the 
experimenter may thus give some kind of clue which leads to an 
incorrect estimation of the subject’s level. Also, if the 
clinical interview provides an opportunity to see the subject’s 
thinking, this demand could be met in a paper and pencil test 
by providing the test with many items for each conceptual level.
To obtain the advantages of a paper and pencil cognitive 
group test, the following criteria are needed:
(1) To apply such a test only to pupils whose reading and 
writing was adequate (thus, here, the investigator 
applied the test to the secondary stage pupils).
This does not mean that the pupils’ reading and 
writing in secondary stage, in general, is adequate 
enough but that will reduce the possibility of 
additional alternative effects.
(2) To ensure that the problem being introduced is 
clearly understandable for all members of the 
group. (Thus the investigator used the magnetic 
board and presented the problems item by item)
(3) To leave a suitable distance between the subjects’ 
desks to avoid cheating in order to get a real 
estimation of the subjects’ levels. (Thus 2-2j[m 
was left between the subjects’ desks.)
(4) To apply all administration by one person to avoid 
the experimenter effect. (Thus the investigator 
applied all administration by himself.)
(5) To apply such a test to a large sample from different 
backgrounds. (Thus the sample was about 1000 pupils 
selected from different regions in Kuwait.)
(6) To provide an interesting test content. (Thus the 
investigator selected the speed concept which involved 
the comparison of the speed of two cars. Pupils in 
Kuwait are, in general, very interested in cars and 
racing.)
6.2.3 The Training Effect of Three Teaching Methods
When Piaget was asked if it were possible to speed up the 
learing of the conservation concept, he replied to the effect that 
acceleration was possible but first it must be discovered whether 
it was desirable or harmful. It seems sensible to think deeply 
before deciding to accelerate conservation, for to accelerate 
blindly might be worse than doing nothing (Hall, 1970, 30-31). 
Piaget (1964a, 17-18) has discussed three criteria as being 
vital in ascertaining whether teaching structures are possible;
the durability of learning, the possibility of transfer generalization 
and the difference between the operational level of the subject 
before and after learning. Because of the limitations of this 
investigation, it was only possible to check the last criterion 
by determining the operational level of the pupils before and 
after learning by using three teaching methods for a period of 
3-4 months. The results indicated that there were significant 
differences at the 1% level between pupils' performance before 
and after the training period. These results were consistent 
with the results of other research workers (see Table 2-2) such 
as Sigel et al (1966, 301), Kingsley and Hall (1967, 1111), Siegel 
and Raven (1971, 377), Case and Fry (1973, 135), Lawson and 
Wollman (1976, 414-22), while these results were not consistent 
with the findings of Wohlwill and Lowe (1962, 166), Mermelslein 
and Meyer (1969, 471), Gruen (1965, 977), Smedslund (1961, 71),
Flavell (1963, 377) and Zimiles (1963, 695).
Most pupils of 15 years old in Kuwait were concrete
operational thinkers or below. The investigator believes their 
lack of experience was the deciding factor, as when they got 
that experience during the training period some of them showed 
a promotion in level, especially those who were in the transitional 
substages. It was noticed that only 202 pupils out of 788 changed 
their levels and the rest (586 pupils) were still at the previous
levels. The pupils who transferred to another substage did not,
in general, gain more than one substage. This result was 
consistent with the findings of Bass and Montague (1972, 512),
Ausubel (1964, 264), McNally (1974, 137-8), Bredderman (1973,
189) and Arons (1976, 834), while these results were not 
consistent with the findings of Lawson et al (1975, 395).
The percentages of pupils who transferred from levels:
1 to 2A, 2A to 2A/2B, 2B to 2B/3A, and 2B/3A to 3A were: 12%, 10%,
17%, 21% and 41% respectively. This means that the pupils who 
benefited most were those who were in the substages closest to 
the demand levels of the concepts being taught. So if one would
like to promote the conceptual level of learners, it seems necessary 
to introduce a concept to them which identifies experimentally with 
their levels - by teachers who appreciate individual differences in 
reasoning abilities (Lawson and Nordland, 1976, 465), and to enrich 
the environment with educational experience accordingly. This will 
make learning meaningful and not harmful, so that concept formation 
will occur normally and without tension. Such tension can be 
harmful becuase it may lead to subject to dislike learning as 
such.
It was found that the pupils who achieved the speed concept 
gave qualitative explanations before the training period, but after 
the speed concept had been taught they gave quantitative explanations. 
This means that they had an intuitive grasp at first which was then 
transferred to a mathematical grasp by the training experience.
The pupils who gave wrong responses or wrong explanations 
concentrated, in general, on one element of the speed concept, 
such as comparing the two distances which were traversed by two 
cars and neglecting the required time or vice versa. These results 
supported Piaget’s views (Piaget, 1964a, 41) and go with what 
Harlen et al (1977a, 89) found.
In studying which method was the most effective, the results 
indicated that the three methods as a whole made a significant 
improvement upon the conceptual level of the pupils, but the 
effect of the programmed learning and the discussion methods 
was similar and better than the traditional method. This result 
was consistent with the findings found by Hagen (1969, 1888A) and 
Lovell (1973, 26).
To get a general picture of the characteristics of both 
most effective methods, the views and attitudes of teachers and 
pupils were collected. Another relation between the traditional 
and discussion methods was studied by the Flanders' technique.
The teachers and pupils claimed that programmed learning 
compared with the traditional method^ saved effort and time,
made more allowance for individual differences, trained the 
scientific thinking of the learner. But they mentioned that it 
was not suitable for the pupils who had difficulties in reading 
because pupils felt bored after a while. This is consistent with 
what McKee (1966/1967, 3371A) has found; as classes often consisted 
of pupils of mixed abilities which made class control difficult, 
especially when there was a general problem in understanding a 
certain point and most of the pupils had to wait until everyone 
had reached that point. It is possible here to use homogeneous 
grouping to reduce this problem as Goebel suggested (Goebel, 1966/ 
1967, 982A). Also, teachers and pupils claimed that the discussion 
method helped: to increase the number of pupils participating, to
develop the intellectual capability of the pupils, to clarify some 
of the difficult points taking into account the individual differences 
between pupils, to change the teachers’ behaviour towards their pupils 
which promoted a good educaitonal climate and encouraged them to talk 
and to participate. But they did not agree that they could generate 
a successful discussion with a group of 30 members even if they 
prepared well for a discussion session. The pupils, in general, 
enjoyed studying by the discussion method.
Flanders’ interaction analysis for the traditional and 
discussion methods gave general results which indicated that the 
teachers in the discussion method succeeded in asking more questions 
and reducing their talking time; gave some opportunities to their 
pupils to participate; tended to praise, encourage and use pupils’ 
ideas more than the teachers did in the traditional method. But 
the teachers in the traditional method tended to lecture rather 
than give opportunities to their pupils to participate. The 
investigator thinks that pupils' physics achievement increased 
according to their participation. These results identify with 
the findings of Anuidon and Flanders (1961, 289) that increasing 
pupils’ participation increased the pupils’ achievement. Also, 
this goes with Piaget’s (1964, 185) and Callender’s (1969, 3) 
ideas that in order to promote the conceptual level of the learner, 
the learner must be active in his communications. But to facilitate
that communication, the educational climate must be organized 
(Cutzmer and Hill, 1973, 9), and that is what this investigation 
has tried to design. The important point found with both traditional 
and discussion methods was that the percentages of "pupil-talk- 
initiation" were very low. This means that the pupils’ back­
ground knowledge was not rich enough in order to present new 
information or to express their own ideas. This is a common 
phenomenon in Kuwait that people, in general, do not read.
This is the responsibility of the Ministry of Education as 
well as the responsibility of the parents, who must help to 
develop the children's reading ability by facilitating access 
to all resources. It is necessary to encourage those who have 
a good ability by organizing conferences and competitions and 
to build curricula from the early stage by concentrating on 
teaching methods which give the child an opportunity to work 
individually and to search for the solution of the problem 
posed by a teacher by reading and questioning.
6.2.4 The Relationship between Conceptual Level and the Score
on the Ph.I.T.
The range of the correlation coefficients between the conceptual 
level (determined by P.I.T.) and achievement in physics (determined 
by Ph.I.T.) was 0.36-0.51. All the correlation coefficients were 
significant at 1% level. This means that the conceptual tests 
could be used with advantage to determine the capability of the 
subjects to whom the physics concepts will be introduced. Leon 
(1974, ED 091 145) believes that conservation is an important 
factor for learning science. The results of this investigation 
identified with the findings found by Parnell (1975, 205A) , Lawson 
(1974, ED 089 964), Sayre and Ball (1975, 171), Chiappetta (1974, 11) 
Ball (1972/1973, 1069A), Field and Cropley (1969, 10), Raven et al 
(1974a, 565), Lawson et al (1975, 426-427) and Hammond and Herron
(1974, 4) and partially with the findings of Cleminson (1970/1971,
4575A).
The pupils, in general, faced some difficulties in under­
standing such physics objectives: the discrimination between mass
and weight and their units; the calculation of the average speed 
from a time tape or from the graphical relation between distance 
and time; computing and deducing the time needed for a moving 
object from the number of dots on the time tape and the frequency 
of a ticker-timer; unit of velocity and the calculation of the 
average velocity; solving some problems by using the formula 
of Newton’s second law of motion in different cases and connect 
it with laws of motion in different cases; the deduction of the 
relation between distances traversed by an object, moving in a 
uniform acceleration, its initial speed, its acceleration and 
the time required to traverse that distance; the calculation 
of the acceleration due to gravity "practically1' by using a 
stroboscope; the calculation of the mass and weight of an object 
in two different places; the deduction of the relation between the 
object’s acceleration and its mass when moved by a constant force; 
and the deduction of the relation between object’s mass, object’s 
acceleration and the force exerted on it.
The levels of these objectives seemed higher than the conceptual 
levels of a large number of the pupils in the first grade in Kuwait 
secondary schools, generally, and in dealing with mathematical concepts 
especially. These results are consistent with those found by many 
research workers such as Wicken (1976, 97), Hewitt (1972, 524), 
Meckstroth (1974, 329) and Lovell (1974a, 312; 1973, 26). The 
investigator believes that to introduce physics concepts which 
are higher than the pupils' levels will be harmful. Because 
pupils in classes were classified according to mixed abilities 
of learning style, and their conceptual levels spread over a
wide range from level 1 to level 3A, it seemed that in order to
solve this problem for the future, it will be necessary to construct 
materials for each concept at different levels and to classify the
pupils in order to match their levels with the levels of the physics
concept being introduced. Then each pupil can progress according 
to his existing or developing level by using some kind of instruction 
such as individualising instruction (Mackail, 1974, 84) in addition 
to group teaching. The results found by Mascolo (1969, 35) indicated 
that knowledge organized around the conceptual schemes has greater 
effective meaning for students and is positively related to their 
performance in conceptualizing.
6.2.5 The Relationship between Conceptual Level and I.Q.
It was found that the range of the correlation coefficients 
between the conceptual level and I.Q. was 0.61-0.64. These 
differences occurred according to the style of scoring and the 
applications of P.I.T. (whether it was before or after the training 
period). When the pupils were classified into lower, middle and 
higher I.Q., then the scores on I.Q. were correlated with the 
scores on P.I.T., and the results indicated that the lowest 
correlation coefficients were with the middle I.Q. group.
This means that the group of middle I.Q. (90-110) had a 
wider range of pupils' conceptual levels than did the other 
two groups of I.Q. The reason for this may be because the 
middle group had most of the sample's pupils (56%); but all 
correlation coefficients were positive, and all of them indicated 
that the relationship between the conceptual level and I.Q. was 
significant at the 1% level. These findings were consistent with 
the results found by Elkind (1961, 559), Kavanagh (1972, 6746A), 
Gaudia (1972, 158), Ball (1972, 1069A), Fergenbaum (1963, 431), 
Dodwell (1961, 34), Goldschmid (1967, 1236, 1238) and Anooshian 
and Carlson (1973, 389). Also by comparing these results, in 
general, with the result found when the relationship between 
conceptual level and crhonological age was studied, it can be 
deduced that the cognitive development or the ability for concept 
formation depends more on mental age than crhonological age, 
contrary to what Piaget usually implies in his discussion of
stages. This result was consistent with the findings found by 
Beard (1960, 12), Mealings (1963, 204), Goodnow and Bethon, (1966, 
578), Carpenter (1955, 149). Thus classifying subjects according to 
their I.Q's seems more factual than their chronological ages.
6.2.6 The Relationship between Conceptual Level and Sex
It was found that there were significant differences at 1% 
between boys and girls in favour of boys in their performance on 
"P.I.T.” in its first application, when considering the total 
scores, and at 5% level when considering the weighted scores.
But these differences vanished after the training period.
This means that boys were more experienced in understanding
the speed concept than the girls on the first application of
P.I.T., then during the training period the experience of the
girls in the speed concept developed rapidly so that the differences
vanished. Also, it was found that there were no significant differences
between boys and girls in all applications of the tests: P.I.T. (2)
W.S., P.I.T. (2) T.S., I.Q., Ph.I.T. (M.C.), Ph.I.T. (C), Ph.I.T.
These results were consistent with the finding found by other 
research workers (see Table 2-5) such as Kavanagh (1972, 6746A),
McLeod (1971, 1359A), Leitch (1972, 3464A), Brady (1972, 4196A),
Leon (1974, ED 091 145), Coleman (1972, ED 064 039), Daniel (1972,
1069A), Meinke et al (1975, 156) and Brainerd (1971, 472). The 
results of this investigation were not consistent with the findings 
of other research workers (see Table 2-6) such as Dale (1970, 280), 
Lawson (1975a, 402), Bridgeham (1972, ED 058 023), Shipe (1975,
ED 100 623), Brekke and Williams (1973, 14) and Haj-Issa (1974, 3).
The reason for the difference between the results obtained in 
Kuwait between boys and girls in earlier investigation (Haj-Issa,
1974, 3) and this investigation is perhaps the investigation 
included a greater mixture of abilities in pupils similar to 
that found in the intermediate and elementary stages. Also,
the reason maybe because the pupils (in the late secondary school) 
have been separated into scientific and literary divisions where 
each pupil studies the topics which he or she is more interested 
in. Another reason maybe because adolescent boys in general tend 
to go out more and return to their homes each day at later hours 
than girls. Thus, girls have more opportunity to study than boys.
A combination of these factors, in addition to the existing 
examination style in Kuwait, may explain the differences found 
in the late secondary school.
So it was deduced, in general, that there were no significant 
differences between the conceptual level and sex. This means that 
if the educational environment arranged similarly for girls and 
boys and they have similar circumstances, their conceptual levels 
will develop at the same rate.
6.2.7 The Relationship between Conceptual Level and Nationality
The results of this investigation indicated that there were 
significant differences at 1% level between Kuwaiti and non-Kuwaiti 
pupils in favour of non-Kuwaiti pupils, in all the tests which were 
administered (see Table 5-16). Also, it was found that the 
percentage of Kuwaiti pupils who had only attained level 1 was 
74% of the pupils who attained this level. On the other hand, 
it was found that the percentage of Kuwaiti pupils who had 
attained level 3A was 32% of the pupils who attained this 
level. This means that no only the conceptual level of non- 
Kuwaiti pupils is higher than Kuwaiti pupils, but also higher 
in the scores of I.Q. and the achievement in physics despite 
the fact that there was no significant difference between them 
in the chronological age. Because the conceptual level of the 
subject is the product of interaction between heredity and 
environment (Hall, 1970, 32), and the conceptual level is affected
by maturation, experience, social transmission and equilibration 
(Piaget, 1971, 7), the investigator does not believe that the 
maturation factor of Kuwaiti pupils, in general, differs significantly 
from non-Kuwaiti pupils but that the difference may occur as the 
result of difference in the effect of experience and social trans­
mission factors (Piaget, 1958, 337). Non-Kuwaiti pupils are 
motivated because of their economic situation (which is in general 
lower) and from the encouragement of their parents and relatives, 
more than do Kuwaiti pupils. To promote the conceptual level of 
the lowest levels, it seems sensible to construct a special 
programme to help in changing the existing level or to help in 
developing new ones. The differences of these programmes for 
cognitive growth have been "found to vary according to the 
generality of children’s intellectual retardation" (Wedell, 1976,
131), but it was found that "children learn more effectively and 
enjoyably when their learning experiences are matched to their 
capabilities" (Harlen et al, 1977b, 108),"and allows (them) time 
to struggle, observe, make mistakes, and retrace their steps 
(arons, 1972, 34); once the teacher’s role is, in essence, to 
help the learner to make his own discoveries (Sullivan, 1969, 142).
Besides these remedial programmes, social awareness is necessary 
in order to motivate the pupils to manipulate (Piaget, 1973, x) and 
interact with the concrete resources. This is the responsibility 
of the Ministry of Education. The investigator also believes that 
the situation, in future, for Kuwaiti pupils will improve with the 
general level of education in Kuwait and with the awareness by the 
Government of the developmental condition of adolescents. In addition 
to that, there are now some social research workers in Kuwait studying 
the problems of youth in order to find suitable procedures to motivate 
them not only towards sport and social activities, but also towards 
learning in schools and other institutions.
6.3 GENERAL CONCLUSIONS
The major conclusions of this investigation which has tried 
to solve the problem, and to confirm or reject the main and sub­
hypotheses, were:
(1) The pupils’ conceptual levels were developed gradually 
rather than abruptly. This result confirmed partially 
the sub-hypothesis a.
(2) The distribution of the pupils’ conceptual levels were 
not similar to what was described by Piaget. 47% or 43%
of 15 year old Kuwait secondary pupils were still operating 
at concrete operational level or below. These results did 
not confirm the sub-hypothesis b.
(3) The correlation coefficients between the conceptual levels 
and chronological ages were positive and low, but most of 
them were significant at 1% level. These results confirm 
the sub-hypothesis c.
(4) The correlation coefficients between the conceptual level 
and I.Q. were positive and significant at 1% level. These 
results confirmed the sub-hypothesis d.
(5) The correlation coefficients between the conceptual levels 
and achievement in physics were all positive and significant 
at 1% level. These results confirmed the sub-hypothesis e.
(6) Training by using three teaching methods affected the 
conceptual levels of the pupils and their achievement 
in physics significantly at 1% level. But the effects 
of the discussion and programmed learning methods were 
similar and better than the traditional method. These 
results did not confirm the sub-hypothesis f .
(7) There were no significant differences between boys and 
girls in their conceptual levels, achievement in physics, 
and I.Q. These results confirmed the sub-hypothesis g.
(8) There were significant differences between Kuwaiti and 
non-Kuwaiti pupils at 1% level in favour of non-Kuwaiti 
in their conceptual levels, achievement in physics and 
I.Q. These results did not confirm the sub-hypothesis h.
(9) The teachers and pupils who used the programmed learning
method comparing it with the traditional method claimed
that programmed learning method: saved effort and time;
made more allowance for individual differences; trained 
the scientific thinking of the learner. But they mentioned 
that it was not suitable for the pupils who had difficulties 
in reading because pupils felt bored after a while, and 
because the class consisted of pupils of mixed abilities 
that made controlling the class difficult. When there
was a general problem of understanding, most of the 
pupils had to wait until everyone had reached that 
point.
(10) The teachers and pupils who used the discussion method
on comparing it with the traditional method, claimed that
the discussion method helped: to increase the number of
pupils participating; to develop the intellectual 
capability of the pupils; to clarify some of the 
difficult points; in taking into account the individual 
differences between pupils; to change the teachers’ 
behaviour twoards their pupils which promoted a good 
educational climate and encouraged them to talk and 
to participate. But they did not agree that they 
could generate a successful discussion with a group 
of 30 members even if they prepared well for a 
discussion session.
(11) Flanders’ interaction analysis for the traditional and 
discussion methods indicated that the teachers in the 
discussion method: succeeded in asking more questions
and reducing their talking time and gave some opportunities 
to their pupils to participate; tended to praise, encourage 
and use pupils’ ideas more than teachers in the traditional 
method. But the teachers in the traditional method tended 
to lecture rather than give opportunities to their pupils 
to participate. It was found also that the percentage of 
"pupil-talk-initiation" was very low which means that the 
pupils’ background knowledge was not rich enough to present 
new information or to allow them to express their own ideas 
or they have no self-confidence to do so.
(12) It was found that using a paper and pencil test to determine
the conceptual levels of the pupils’ secondary schools was 
practical and useful.
In addition to these conclusions, it seemed to the investigator 
that it is necessary to look precisely at the curricula in Kuwait 
and make a real change, not a change for the sake of change itself 
(Kolodiy, 1975, 22), not a change dependent on the current trial 
and error methods (Ervin, 1960, 553), but a change which takes 
into consideration the cognitive development of the subjects and 
other related factors. The results of this investigation indicated 
that about 45% of 15 year old pupils in Kuwait operated at concrete
operational level or below. So to take advantage of Piaget’s ideas,
it is important to construct an instructional material which 
parallels the pupils’ conceptual level (Bass and Montague, 1972, 
503-11), and provide a great deal of concrete experiences (Herron,
1977, 22), in order to organize a successful interaction between 
the pupil’s mind and the concept being introduced. This would 
make learning efficient, useful and meaningful, and lead to 
promotion of pupils’ conceptual level into formal operational 
thought normally.
In addition to this, the main difficulties found were in 
dealing with mathematical concepts, especially proportionality 
and power. This is not unexpected if it is appreciated that 
these concepts develop at the formal stage (Piaget, 1958) and 
about 45% of the subjects of this investigation were operating 
at the concrete level or below; so these mathematical concepts 
were too difficult. This is consistent with the findings of 
Meckstroth (1974, 329), Lovell (1974a, 312; 1973, 26) and Lovell 
and Butterworth (1966, 5). Also, most of the physics teachers in 
Kuwait claimed that the time allocated to cover the prescribed 
syllabus was short, so they did not give a suitable time to each 
concept (Raven, 1974, 260), (Lawson et al, 1975, 395). In addition 
to the traditional method which is widely used and where the teacher 
talks for most of the class time, the textbooks deal with material 
in an abstract manner (Nordland et al, 1977, 574) (Lawson and Renner,
1974, 547) use illogical sequences and still have many mistakes 
(Warren, 1976, 70). If educators could solve or reduce these 
problems then, maybe, it would be possible to encourage and promote 
formal thought (Lawson and Renner, 1975 , 343; 1973a, 276) (Beistel,
1975, 151) (Pearce, 1971, 5537A).
6.4 FURTHER RESEARCH
There are many possibilities for further research on the 
points which arise from this investigation, such as:
(1) The Piagetian Items Test "P.I.T.11, which was derived 
directly from Piaget’s own work, was used to determine 
the pupils’ conceptual level. After the discriminating 
power of the items was studied, the validity of the test
was computed by use on the idea that the reliability of 
a test is one of the aspects of its validity (Abd-Eddaim, 
1968, 393). Also, the validity of the test was computed
by correlating the results of "P.I.T." with an external 
criterion (Lovell and Lawson, 1970, 68) such as T.L.I. 
which was standardized in Kuwait. So, the investigator 
hopes to study the validity of the test by correlating 
the results of the subjects' performance on the speed 
concept with conceptual level as found by both the 
clinical and paper-pencil methods.
(2) The investigator proposes in addition to study the difference 
between the operational level of the subjects before and 
after learning; to study the durability of learning after
a suitable period of training, and the possibility of 
transfer of generalization by using different tasks 
to study the training effect.
(3) It was found in this investigation that the effects of 
both the discussion and programmed learning methods were 
similar and better than the traidional method. So for 
further research it is possible to compare various 
combinations of "discussion" and "programmed materials" 
with each other and with the traditional method.
(4) In this investigation, the investigator considered that 
the effect of the teachers (who participated in the three 
teaching methods) on pupils' participation was equivalent, 
so it is possible in the future to investigate the 
effectiveness of different in-service training programmes 
for teachers as a way of promoting students' participation, 
then consequently the effects on conceptual levels.
(5) For further research, it is also possible to investigate 
which levels of physics concepts correspond to the 
conceptual levels of the pupils, by using a completion 
items test rather than using multiple choice items.
(6) Research can be undertaken into the reasons for the 
lack of self-confidence of pupils when dealing with 
mathematical concepts in secondary schools.
6.5 RECOMMENDATIONS
The results of this investigation indicate some educational 
implications which can help in improving the classroom situation for 
the teaching and learning of physics in secondary schools in Kuwait. 
Therefore, the investigator recommends the following:
(1) To promote the conceptual levels of the pupils in all 
stages, especially in the secondary stage, it is normally 
necessary:
a. to determine the conceptual levels distribution
in all stages of the school system;
b. to introduce concepts and materials which correspond 
to pupils' levels;
c. to enrich the educational environment with concrete 
material as far as possible;
d. to use teaching methods which help the pupils to be
active by communicating with others and by using
individual materials, i.e. discussion and programmed 
methods.
(2) To have teachers experienced in new approaches of viewing 
intellectual development and teaching-learning principles. 
This will require in-service training courses of physics 
teachers to be held frequently. Teachers must be praised
and encouraged in order to increase their motivation 
towards their responsibilities.
(3) To have suitable physics curricula with more precise 
regard given to the ideas surrounding the notion of 
"conceptual level". This is far from the current trial 
and error methods. The curriculum designer must derive 
benefit from the findings of cognitive development theories.
In particular, Piaget's theory which deepens our understanding 
of the experience of childhood and can be used to try to 
define the prescribed concepts experimentally before their 
application in teaching.
(4) To use individualized teaching methods it is necessary to 
increase the numbers of instruments and equipment in 
secondary schools.
(5) To help the physics teachers, to follow up the progress of 
their pupils, some cognitive developmental tests must be 
constructed by the Educational Research Centre in Kuwait.
(6) To help children improve their reading ability. This is 
very important in individualized learning methods and the 
elementary curricula must stress it.
REFERENCES
Abd-Eddaim, A. (1968)
Experimental Education and Educational Research 
Dar El-Ilm Lilmalaieen, Beirut, Lebanon
Abercrombie, M.L.J. (1974)
The Anatomy of Judgement 
Pelican Books, U.K.
Abercrombie, M.L.J. (1975)
Aims and Techniques of Group Teaching
Society for Research into Higher Education, U.K.
Ackerman, W.I. and Levin, H. (1958)
Effects of Training in Alternative Solution on Subsequent Problem 
Solving
J. Educ. Psychol., 49, 239-244 
Anderson, R. (1965)
Can First Graders Learn an Advanced Problem-Solving Skill 
J. Educ. Psychol., 56, 283-294
Anderson, G.J. and Walberg, H.J. (1968)
Classroom Climate and Group Learning 
Int. J. Educ. Sci., 2, 175-180
Anooshian, L. and Carlson, J.S. (1973)
A Study of Mental Imagery and Conservation within the
Piagetian Framework
Hum. Developm., 16, 282-294
Arons, A.B. (1972)
Anatomy of an Introductory Course in Physical Science 
J. Coll. Sci. Teach., 1, 30-34
Ashton, P.T. (1975)
Cross-Cultural Piagetian Research: An Experimental Perspective 
Harvard Educ. Rev., 45(4), 475-506
Ausubel, D.P. (1964)
The Transition from Concrete to Abstract Cognitive Functioning 
Theoretical Issues and Implication for Education 
J. Res. Sci. Teach., 2, 261-266
Babikian, Y.G. (1970/1971)
The Relative Effective of Discovery Laboratory and Expository 
Methods of Teaching Science Concepts 
Dissertation Abstracts International, 31A, 3365A
Ball, D.W. (1972/1973)
Relationships between Student Piagetian Cognitive Development 
and Achievement in Science
Dissertation Abstracts International, 33A, 1069A
Ball, D.W. and Sayre, S.A. (1974)
Piaget and The Secondary Science Teacher 
Sch. Sci. Math., 74(4), 331-336
Barnes, D. (1976)
From Communication to Curriculum 
Penguin Books
Bart, W.M. (1972)
Construction and Validation of Formal Reasoning Instruments 
Psychol. Rep., 30, 663-670
Bass, J.E. and Montague, E.J. (1972)
Piaget based Sequences of Instruction in Science 
Sci. Educ., 56(4), 503-512
Battro, A.M. (1973)
Piaget: Dictionary of Terms
Pergamon, New York
Beard, R.M. (1959/1960)
The Nature and Development of Concepts 
Educ. Rev., 12(1), 157-176
Beard, R.M. (1960)
The Nature and Development of Concepts 
13(1), 12-26
Beard, R.M. (1963)
The Order of Concept Development: Studies in Two Fields, I
Educ. Rev., 15, 105-117
Beard, R.M. (1963a)
The Order of Concept Development: Studies in Two Fields, II
Educ. Rev., 15, 228-238
Bearison, D.J. (1975)
Induced versus Spontaneous Attainment of Concrete Operations 
and their Relationship to School Achievement 
J. Educ. Psychol., 67(4), 576-580
Beilin, H. (1965)
Learning and Operational Convergence in Logical Thought Development 
J. Expt. Child Psychol., 2, 317-339
Beilin, H . ; Kagan, J. and Rabinowitz, R. (1966)
Effects of Verbal and Perceptual Training on Water Level 
Child Developm., 37, 317-329
Beistel, D.W. (1975)
A Piagetian Approach to General Chemistry 
J. Chem. Educ., 52(3), 151-152
Billing, D.E. and Furniss, B.S. (1973)
Aims, Methods and Assessment in Advanced Science Education 
Heyden and Son Ltd., London, Rheine, New York
Bloom, B.S. (1953)
Thought-Processes in Lectures and Discussion 
J. Gen. Educ., 7(3), 160-169
Brady, C. (1970)
Science Teaching and the Development of Scientific Concepts 
in Children
Sch. Sci. Rev., 51(177), 765-770 
Brady, E.R. (1972/1973)
The Effectiveness of Field Trips Compared to Media in Teaching 
Selected Environmental Concepts
Dissertation Abstracts International, 33(8), 4196A 
Brainerd, C.J. (1971)
The Development of Proportionality Scheme in Children and Adolescents 
Developm. Psychol., 5, 469-476
Brainerd, C.J. and Allen, T.W. (1971a)
Experimental Inductions of the Conservation of First Order 
Quantitative Invariants 
Psychological Bulletin, 75, 128-144
Brainerd, C.J. (1972)
The Age-Stage Issue in Conservation Acquisition 
Psychonomic Sci., 29, 115-117
Brainerd, C.J. (1974)
Training and Transfer of Transitivity Conservation and Class
Inclusion of Length
Child Developm., 45, 324-334
Bredderman, T.A. (1973)
The Effects of Training on the Development of the Ability to 
Control Variables
J. Res. Sci. Teach., 10(3), 189-200
Brekke, B. and Williams, J.D. (1973)
Conservation and Sex
Perceptual and Motor Skills, 37, 14 only 
Bridgham, R.G. (1972)
An Investigation of Piagetian Tests as Predictors of Students 
Understanding Electrostatics 
Res. Educ., 7(4), ED 058 023
Brison, D.W. (1966)
Acceleration of Conservation of Substance 
J. Gentic Psychol., 109, 311-322
Bruner, J.S.; Olver, R.R.; Greenfield, P.M. et al (1967)
Cognitions and Conservation: Two Views
Contemporary Psychol., 12(1), 530-533
Burgess, J.W. (1969)
Alternate Paths: An Inquiry into the Development of Adult Reasoning
M.Ed. Thesis, Edinburgh University, U.K.
Callender, P. (1969)
Programmed Learning: Its Development and Structure
Longmans, Green and Co. Ltd., U.K.
Carpenter, T.E. (1955)
A  pilot Study for Aquantitative Investigation of Jean Piaget's 
Original Work on Concept Formation 
Educ. Rev., 7, 142-149
Case, D. and Collinson, J.M. (1962)
The Development of Formal Thinking in Verbal Comprehension 
Brit. J. Educ. Psychol., 32, 103-111
Case, R. and Fry, C. (1973)
Evaluation of an Attempt to Teach Scientific Inquiry and Criticism 
in a Working Class High School 
J. Res. Sci. Teach., 10(2), 135-142
Charles, D.C. (1964)
Psychology of the Child in the Classroom 
The MacMillan Company, New York, U.S.A.
Chiappetta, E.L. (1974)
Determining the Relationship between Proportional Thought and 
Physical Science Achievement
Paper presented at Texas Academy of Science, North Texas University, 
Marsh 2, Denton, Texas, U.S.A.
Chiappetta, E.L. (1976)
A Review of Piagetian Studies relevant to Science Instruction 
at the Secondary and College Level 
Sci. Educ., 60(2), 253-261
Cleminson, R.W. (1970/1971)
A comparative Study of Three Fifth Grade Classroon on Five 
Selected Piaget Type Tasks dealing with Science Related Concepts 
Dissertation Abstracts International, 31A, 4575A
Coleman, E.M. (1972)
An Experimental Evaluation of the Effects of ESCP and General 
Science on the Development of Interdisciplinary Science Concepts 
by Ninth Grade Students 
Res. Educ., 7(10), ED 064 039
Dale, L.G. (1970)
The Growth of Systematic Thinking: Replication and Analysis of
Piaget's First Chemical Experiment 
Australian J. Psychol., 22(3), 277-286
Davey, D.M. and Donnell, P.Me. (1969)
Programmed Instruction 
Lawrence Bros., London, U.K.
Dennis, W. (1942)
Piaget's Questions Applied to a Child of Known Environment 
J. Genetic Psychol., 60, 307-320
Dodwell, P.C. (1961)
Children's Understanding of Number Concepts: Characteristics
of an Individual and of a Group Test 
Canad. J. Psychol., 15, 29-36
Dudek, S.; Lester, E.; Goldberg, J. et al (1969)
Relationship of Piaget's Measures to Standard Intelligence and 
Motor Scales
Perceptual and Motor Skills, 28, 351-362 
Ebel, R.L. (1951)
The Reliability of an Index of Item Discrimination 
Educ. Psychol. Measurement, 11, 403-409
El-Dib, F. (1974)
Modern Trend in Science Teaching 
Dar El Kalam, Kuwait
El-Dib, F. and Omera, I.B. (1975)
Science Teaching and Science Education 
Dar El-Maarif Be-Masr, Cairo, A.E.R.
El-Kalla F.A. (1969)
Psybhological Points in Training and Programmed Learning
M.Ed. Thesis, Faculty of Education, Damascus University, Damascus,
Syria
Elkind, D. (1961)
Quantity Conceptions in Junior and Senior High Students 
Child Developm., 32, 551-560
Elkind, D. (1962)
Studies in Perceptual Development: I. The Decentering of
Perception
Child Developm., 33, 619-630
Elliott, C. (1976)
The Measurement of Development 
In Varma, V.P. and Williams, P. (Eds)
Piaget Psychology and Education: Papers in Honour of Jean Piaget 
Hodder and Stoughton, London, U.K.
El-Nagib, I. et al (1974/1975)
Physics: Teacher's Guide Book
Ministry of Education, Kuwait
Engelmann, S.G. (1968)
A Study of how a Child Learning Concepts about Characteristics
of Liquid Materials
Res. Educ., 3(4), ED 014 428
Ervin, S.M. (1960)
Training and Logical Operation by Children 
Child Developm., 31, 555-563
Espejo, M. and Good, R. (1975)
Evaluation of a Child-Structured Science Curriculum using the 
Intellectual Models of Piaget and Guildford 
J. Res. Sci. Teach., 12(2), 147-155
Farraj, O.L. (1971)
Programmed Learning and Technology
Modern Education Magazine, Year 44, No. 3, Cairo, A.E.R. 
Feigenbaum, K.D. (1963)
Task Complexity and Intelligence as variables in Piaget's Problems
of Conservation
Child Developm., 34, 423-432
Field, T. and Cropley, A. (1969)
A Cognitive Style and Science Achievement 
J. Res. Sci. Teach., 6, 2-10
Findley, W.G. (1956)
Rationale for the Evaluation of Item Discrimination Statistics 
Educ. Psychol. Measurement, 16, 175-180
Flanders, N.A. (1970)
Analysing Teaching Behaviour 
Addison Wesley, New York, U.S.A.
Flanders, N.A. (1972)
Interaction Analysis and Inservice Training 
Soc. Psychol. Teach., Methods of Study, U.K.
Flave11, J.H. (1963)
The Development Psychology of Jean Piaget 
Van Nostrand Reinhold Co., New York
Flavell, J.H. (1971a)
Stage-Related Properties of Cognitive Development 
Cognitive Psychol., 2, 421-453
Fogelman, K.R. (1969)
Difficulties of Using Piagetian Tests in the Classroom: I 
Educ. Res. 12(1), 36-40
Fogelman, K.R. (1972)
Piagetian Tests and Sex Differences: II 
Educ. Res., 12(2), 154-155
Freyberg, P.S. (1966)
Concept Development in Piagetian Terms in Relation to School 
Attainment
J. Educ. Psychol., 57, 164-168 
Furth, H.G. (1969)
Piaget and Knowledge: Theoretical Foundations
Prentice-Hall Inc., Englewood Cliffs, N.J., U.S.A.
Gardner, P.L. (1974)
Language Difficulties of Science Students 
The Australian Sci. Teach. J . , 20(1), 63-76
Gaudia, G. (1972)
Race, Social Class, and Age of Achievement of Conservation
on Piaget's Tasks
Developm. Psychol., 6, 158-165
Gilliland, A.R. and Humphreys, D.W. (1943)
Age, Sex, Method and Interval as Variables in Time Estimation
J. Genetic Psychol., 63, 123-130
Ginsburg, H. and Opper, S. (1969)
Piaget's Theory of Intellectual Development: An Introduction
Prentice-Hall, Inc., Englewood Cliffs, New Jersey, U.S.A.
Goldschmid, M.L. (1967)
Different Types of Conservation and Nonconservation and their 
Relation to Age, Sex, I.Q., MA, and Vocabulary 
Child Developm., 38, 1229-1246
Goldschmid, M.L. and Bentler, P.M. (1968)
The Dimensions and Measurement of Conservation 
Child Developm., 39, 787-802
Goodnow, J. and Bethon, G. (1966)
Piaget's Tasks: Effects of Schooling and Intelligence
Child Developm., 37, 573-582
Gorman, R.M. (1972)
Discovering Piaget: A Guide for Teachers
Charles Merrill, Columbus, Ohio, U.S.A.
Grant, N. and Renner, J.W. (1975)
Identifying Types of Thought in 10th Grade Biology Students 
Amer. Biol. Teach., 37(5), 283-286
Grass, C.F. (1972/1973)
A  Study relating Levels of Understanding of Selected Concepts of 
Motion to Chronological Age using Verbal Reponse to Visual Stimulus 
Dissertation Abstract International, 33A, 1537A
Gruen, G.E. (1965)
Experiences Affecting the Development of Number Conservation 
in Children
Child Developm., 36, 963-979 
Gutzmer, W.E. and Hill, W.F. (1973)
Evaluation of the Effectiveness of the Learning Through
Discussion Method
Small Group Behav., 4(1), 5-34
Hagen, D.A. (1969/1970)
An Analysis of a Programmed Instructional Sequence Designed to
Teach Piaget's Mental Abilities
Dissertation Abstracts International, 30A, 1888A
Haj-Issa, M. (1974)
Programming a Physics Topic Taught at the Secondary School Level 
and Studying the Effect of its use on Students' Achievement 
M.Ed., Kuwait University, Kuwait
Haj-Issa, M. et al (1975/1976)
Al-Misbah: Physics Problems Solving
Dar El Kalam, Kuwait
Hall, E. (1970)
A Conversation with Jean Piaget and Barbel Inhelder 
Psychology Today, 3(12), 25-32 and 54-56
Hammond, M.K. and Herron, J.D. (1974)
The Relationship between Piagetian Measures of Developmental 
Stages and Scores in an Introductory Chemistry Course 
Purdue University, Indiana, U.S.A.
Harlen, W. (1968)
The Development of Scientific Concepts in Young Children 
Educ. Res., 11(1), 4-13
Harlen, W . ; Darwin, Sr. A. and Murphy, M. (1977)
Finding Answers: Guide to Diagnosis and Development
Match and Mismatch, Oliver and Boyd for the Schools Council, U.K.
Harlen, W . ; Darwin, Sr. A. and Murphy, M. (1977a)
Raising Questions: Fitting Learning Experiences in Science to
Development for Five to Thirteen Year Olds
Match and Mismatch, Oliver and Boyd for the Schools Council, U.K.
Harlen, W . ; Darwin, Sr. A. and Murphy, M. (1977b)
Raising Questions: Leader's Guide
Match and Mismatch, Oliver and Boyd for the Schools Council, U.K. 
Hayson, J. and Sutton, C.R. (1974)
Theory into Practice Activities in School for Student-Teachers 
Science Teacher Education Project, McGraw-Hill, London, U.K.
Herbert, E.L. (1961)
The Use of Group Techniques in the Training of Teachers 
Hum. Relat., 4(3), 251-263
Herron, J.D. (1977
Piaget in the Classroom: Guide-line for Applications
In a Newsletter of the International Congress for Individualized
Instruction, Purdue University, November, 21-22
Hewitt, P.G. (1972)
Conceptual Physics: Turning Nonscience Students on to their
Everyday Environments
Phys. Teach., 10, 515+522-524
Holt, J. (1972)
How Children Learn 
Penguin Books, U.K.
Horst, P. (1953)
Correcting the Kuder-Richardson Reliability for Dispersion of
Item Difficulties
Psychol. Bull., 36, 371-374
Horst, P. (1966)
Psychological Measurement and Prediction
Wadsworth Publishing Company, inc., Belmont, California, U.S.A.
Hudgins, B.B. (1966)
Problem Solving in the Classroom
The Macmillan Company, New York, U.S.A.
Hughes, M.M. (1965)
A  Four Year Longitudinal Study of the Growth of Logical Thinking 
in a Group of Secondary Modern School-boys 
Unpublished M.Ed. Thesis, University of Leeds, U.K.
Inhelder, B. and Piaget, J. (1958)
The Growth of Logical Thinking from Childhood to Adolescence 
Routledge and Kegan Paul Ltd., London, U.K.
Jackson, S. (1965)
The Growth of Logical Thinking in Normal and Sub-Normal Children 
Brit. J. Educ. Psychol., 35, 255-258
Jenkins, E. and Whitfield, R. (1974)
Readings in Science Education
Science Teacher Education Project, McGraw-Hill, London, U.K.
Karplus, R. (1964) ^
The Science Curriculum Improvement Study - Report to the Piaget 
Conference, III: Curriculum Project Reports
J. Res. Sci. Teach., 2, 236-240
Karplus, R. and Peterson, R.W. (1970)
Intellectual Development Beyond Elementary School II:
Ratio, a Survey
Sch. Sci. Math., 5, 813-820
Karplus, R. and Karplus, E. (1970)
Intellectual Development Beyond Elementary School I:
Deductive Logic
Scho Sci. Math., 5, 398-406
Karplus, R. et al (1975)
Proportional Reasoning and Control of Variables in Seven Countries 
Advancing Education through Science-Oriented Programs, Report ID-25, 
Lawrence Hall of Science, Univ. of California, Berkeley, California, 
U.S.A.
Kavanagh, D.C. (1972/1973)
An Investigation of Portions of a Model Hierarchy for the Acquisition 
of the Concept of Speed
Dissertation Abstracts International, 33A, 6746A 
Kingsley, R.C. and Hall, V.C. (1967)
Training of Conservation through the Use of Learning Sets 
Child Developm., 38, 1111-1126
Klein, J. (1969)
The Study of Groups 
Routledge, London, U.K.
Klugman, S.F. (1944)
Cooperative versus Individual Efficiency in Problem Solving 
J. Educ. Psychol., 35, 91-100
Kofsky, E. (1966)
A Scalogram Study of Classificatory Development 
Child Developm., 3 7 ,  191-204
Kohlberg, L. and Gilligan, C. (1971)
The Adolescent as a Philosopher: The Discovery of the Self
in a Postconventional World 
Deadalus, 100(4), 1051-1086
Kolodiy, G. (1975)
The Cognitive Development of High School and College Science 
Students
J. Coll. Sci. Teach., 5, 20-22 
Kolodiy, G. (1975a)
A  Study of the Cognitive Development of High School and College 
Science Students
Dissertation Abstracts International, 36(2), 805A
Kuwait Ministry of Education (1973-1977)
Examination Reports
Training and Planning Department, Informations Unit, Norm Office, 
Kuwait
Kuwait Ministry of Education (1976)
Education in Kuwait 
Public Relations, Kuwait
Kuwait Ministry of Education (1977)
General Norm No. 3
Training and Planning Department, Informations Unit, Norm Office, 
Kuwait
Kuwait Ministry of Planning (1977)
Annual Statistical Abstract 
Central Statistical Office, Kuwait
Kuwait Ministry of Planning (1977)
Kuwait Review
Central Statistical Office, Kuwait 
Lakani, A.H. (1976)
Analysis of Verbal Interaction in Teaching Social Science 
Alam El-Kotibb, Cairo, A.E.R.
Lange, P.C. (Ed) (1967)
Programmed Instruction
66th Yearbook, Part 2, The Yearbook Committee and Associated 
Contributors, Chicago, Illinois, U.S.A.
Lawson, A.E.; Nordland, F.H. and DeVito, A. (1974)
Piagetian Formal Operational Tasks: A Crossover Study of Learning
Effect and Reliability 
Sci. Educ., 58(2), 267-276
Lawson, A.E. and Renner, J.W. (1974)
A  Quantitative Analysis of Responses to Piagetian Tasks and its 
Implication for Curriculum 
Sci. Educ., 58(4), 545-559
Lawson, A.E. (1974a)
Relationships between Concrete and Formal Operational Science 
Subject Matter and the Intellectual Level of the Learner 
Res. Educ., 9(8), ED 089 964
Lawson, A.E.; Nordland, F.H. and DeVito, A. (1975)
Relationships of Formal Reasoning to Achievement Aptitudes and 
Attitudes in Preservice Teachers 
J. Res. Sci. Teach., 12(4), 423-431
Lawson, A.E. and Renner, J.W. (1975)
Piagetian Theory and Biology Teaching 
Amer. Biol. Teach., 37(6), 336-343
Lawson, A.E.; Blake, A.J.D. and Nordland, F.H. (1975)
Training Effects and Generalization of the Ability to Control 
Variables in High School Biology Students 
Sci. Educ., 59(3), 387-396
Lawson, A.E. (1975a)
Sex Difference in Concrete and Formal Reasoning Ability as 
Measured by Manipulative Tasks and Written Tasks 
Sic. Educ., 59(3), 397-405
Lawson, A.E. and Renner, J.W. (1975a)
Relationships of Science Subject Matter and Developmental Levels 
of Learners
J. Res. Sci. Teach., 12(4), 347-358 
Lawson, A.E. and Wollman, W.T. (1976)
Encouraging the Transition From Concrete to Formal Cognitive 
Functioning: An Experiment
J. Res. Sci. Teach., 13(5), 413-430
Lawson, A.E. and Blake, A.J.D. (1976)
Concrete and Formal Thinking Abilities in High School Biology 
Students as Measured by Three Separate Instruments 
J. Res. Sci. Teach., 13(3), 227-235
Lawson, A.E. and Nordland, F.H. (1976)
The Factor Structure of some Piagetian Tasks 
J. Res. Sci. Teach., 13(5), 461-466
Leitch, V.D. (1972/1973)
A Comparative Study of the Active Learning Approach and the 
Lecture Discussion Method of Instruction for Prospective Elementary 
Teachers
Dissertation Abstracts International, 33A, 3464A 
Leon, L.O. (1974)
The Principle of Conservation or Invariance and its Relationship 
to Achievement in Science in the Junior High School 
Res. Educ., 9(9), ED 091 145
Lewis, D.G. (1973)
Statistical Methods in Education 
Biddles Ltd., Guildford, Surrey, U.K.
Lindgren, H.C. (1967)
Educational Psychology in the Classroom 
John Wiley and Sons, U.K.
Lovell, K. and Slater, A. (1960)
The Growth of the Concept of Time: A  Comparative Study 
J. Child Psychol. Psychiat., 1, 179-190
Lovell, K. and Ogilvie, E. (1960)
A  Study of the Conservation of Substance in the Junior School Child 
Brit. J. Educ. Psychol., 30, 109-118
Lovell, K. (1961)
A Follow-up Study of Inhelder and Piaget's: The Growth of Logical
Thinking
Brit. J. Psychol., 52(2), 143-153
Lovell, K. and Ogilvie, E. (1961)
A  Study of the Conservation of Weight in the Junior School Child 
Brit. J. Educ. Psychol., 61, 138-145
Lovell, K . ; Kellett, V.L. and Moorhouse, E. (1962)
The Growth of the Concept of Speed: A  Comparative Study
J. Child Psychol. Psychiat., 3, 101-110
Lovell, K. and Lawson, K.S. (1970)
Understanding Research in Education 
Neill and Co. Ltd., Edinburgh, U.K.
Lovell, K. (1973)
The Development of Mathematical and Scientific Concepts in Children 
Educ. Developm. Int., 1, 23-27
Lovell, K. (1974a)
Intellectual Aspects of Adolescence 
Adv. Educ. Psychol., 2, 208-216
Lovell, K. (1976)
Understanding Scientific Concepts 
IN Varma, V.P. and Williams, P. (Eds)
Piaget Psychology and Education: Papers in Honour of Jean Piaget
Hodder and Stoughton, London, U.K.
Maier, N.R.F. (1950)
The Quality of Group Decisions as Influenced by the Discussion 
Leader
Human Relations, 3, 155-174 
Mascolo, R. (1969)
Performance in Conceptualizing Relationship Between Conceptual 
Framework and Skills of Enquiry 
J. Res. Sci. Teach., 6, 29-35
McClenahan, M.D. (1975)
An Application of Piagetian Research to the Growth of Chance and 
Probability Concepts with Low Achievers in Secondary School 
Mathematics
Dissertation Abstracts International, 36(2), 686A 
McKinney, J.D. et al (1975)
Relationship between Classroom Behaviour and Academic Achievement 
J. Educ. Psychol., 67(2), 198-203
McKinnon, J.W. and Renner, J.W. (1971)
Are Colleges Concerned with Intellectual Development?
Amer. J. Phys., 39, 1047-1052
McLeod, G.K. (1971/1972)
An Experiment in the Teaching of Selected Concepts of Probability
to Elementary School Children
Dissertation Abstract International, 32A, 1359A
McNally, D.W. (1970)
The Incidence of Piaget's Stages of Thinking as Assessed by Tests 
of Verbal Reasoning in Several Sydney Schools 
Forum Educ., 29, 124-134
McNally, D.W. (1974)
Piaget Education and Teaching
New Educational Press Ltd., Sussex, U.K.
Meacham, J.D. (1964/1965)
Programmed Instruction (Training Manual)
Publication at La Mesa, California, U.S.A.
Mealings, R.J. (1963)
Problem Solving and Science Teaching 
Educ. Rev., 15, 194-207
Meckstroth, W.K. (1974)
A  Chemistry Course for under-prepared Students 
J. Chem. Educ., 51(5), 329 only
Meinke, D.L.; George, C.S.; and Wilkinson, J.M. (1975)
Concrete and Abstract Thinkers at Three Grade Levels and 
their Performance with Complex Concepts 
J. Educ. Psychol., 67(1), 154-158
Mermelstein, E. and Meyer, E.
Conservation Training Techniques and their Effects on Different 
Populations
Child Developm., 40, 471-490
Mirepoix, C. (1972)
Kuwait in Pictures
Sterling Publishing Co., New York
Modgil, S. (1974)
Piagetian Research: A Handbook fo Recent Studies
NFER, Great Britain
Morrison, A. (1975)
Teacher-Centred Strategies in Interaction Research 
IN Chanan, G. and Delamont, S. (Eds)
Frontiers of Classroom Research 
NFER Publishing Company, U.K.
Nelson, M.A. (1973)
Discussion Strategies and Children's Learning of Selected
Science Principles
J. Res. Sci. Teach., 10.(1), 25-38
Nelson, M.A. and Abraham, E.C. (1976)
Discussion Strategies and Student Cognitive Skills 
Sci. Educ., 60(1), 13-27
Niblett, W.Ro (1965)
How and Why Do We Learn?
Faber and Faber, U.K.
Nicholson, E. (1966/1967)
Concept Attainment of Male High School Freshman 
Dissertation Abstracts International, 27A, 1267A
Nitta, N. and Nagano, S. (1967)
A Study on the Child's Conception of Weight: A  Preliminary
Analysis for Curriculum Development 
Bull, Nat. Inst. Educ. Res., 9, 21-28
Nordland, F.H.; Lawson, A.E. and Kahle, B. (1974)
A Study of Levels of Concrete and Formal Reasoning Ability in 
Disadvantaged Junior and Senior High School Science Students 
Sci. Educ., 58(4), 569-575
Novak, J.D. (1978)
An Alternative to Piagetian Psychology for Science and Mathematics 
Education
Stud. Sci. Educ., 5, 1-30 
Oppenheim, A.N. (1976)
Questionnaire Design and Attitude Measurement 
Heinemann, London, U.K.
Overbeck, C. and Schwartz, M. (1970)
Training in Conservation of Weight 
J. Expt. Child Psychol., 9, 253-264
Palmer, E.G. (1965)
Accelerating the Child's Cognitive Attainments Through the Inducement 
of Cognitive Conflict: An Interpretation of the Piagetian Position 
J. Res. Sci. Teach., 3, 318-325
Parnell, D.R. (1975)
A Piagetian Evaluation of Some Conservation Concepts for University 
General Education Physical Science Students 
Dissertation Abstracts International, 36(1), 205A
Pearce, E.E. (1971/1972)
Curriculum Design for Junior Life Sciences Based upon the
Theories of Piaget and Skinner
Dissertation Abstracts International, 32A, 5537A
Peel, E.A. (1966)
A Study of Differences in the Judgement of Adolescent Pupils 
Brit. J. Educ. Psychol., 36, 77-86
Phillips, D.G. (1969)
Individual Interview versus Classroom Croup Presentation of 
Piaget-Type Tasks
Paper presented to the National Science Teachers Association,
March, Dallas, Texas, U.S.A.
Phillips, J.L.Jr. (1975)
The Origins of Intellect Piaget's Theory 
Freeman and Co., Second Edition, U.S.A.
Piaget, J. (1961)
The Genetic Approach to Psychology of Thought 
J. Ed. Psychol., 52, 275-281
Piaget, J. (1964)
Cognitive Development in Children: Piaget Development and Learning
J. Res. Sci. Teach., 2, 176-186
Piaget, J. (1964a)
Development and Learning
In Ripple, R.E. and Rockcastle, V.N. (Eds)
Piaget Rediscovered
Ithaca, N.Y., Cornell University Press, U.S.A.
Piaget, J. (1964b)
The Child Conception of the World 
Harcourt, Brace, New York
Piaget, J. (1967)
Psychology of Intelligence
Routledge and Kegan Paul Ltd., London, U.K.
Piaget, J. (1970)
The Child's Conception of Movement and Speed 
Routledge and Kegan Paul, London, U.K.
Piaget, J. (1970a)
Origins of Intelligence in the Child 
Routledge and Kegan Paul Ltd., London, U.K.
Piaget, J. (1971)
The Theory of Stages in Cognitive Development 
In Green, D.R.; Ford, M.P. and Flamer, G.B. (Eds)
Measurement and Piaget 
McGraw-Hill, New York
Piaget, J. (1972)
Intellectual Evolution from Adolescence to Adulthood 
Human Development, 15, 1-12
Pinard, A. and Laurendeau, M. (1964)
A  Scale of Mental Development based on the Theory of Piaget: 
Description of a Project 
J. Res. Sci. Teach., 2, 253-260
Pocztar, J. (1972)
The Theory and Practice of Programmed Instruction 
UNESCO, Imprimerie Polychrome, Paris, France
Popham, W.J. (1975)
Educational Evaluation
Englewood Cliffs, N.J.: Prentice-Hall, Inc., New Jersey, U.S.A. 
Poteet, J.A. (1974)
Behaviour Modification: A  Practical Guide for Teachers
University of London Press Ltd., London, U.K.
Pratoomraj, S. and Johnson, R.C. (1966)
Kinds of Questions and Types of Conservation Tasks as related 
to Children's Conservation Responses 
Child Developm., 37, 343-353
Raven, R.J. (1973)
The Development of a Test of Piaget's Logical Operations 
Sci. Educ., 57, 377-385
Raven, R.J. (1974)
Programming Piaget's Logical Operations for Science Enquiry
and Concept Attainment
J. Res. Sci. Teach., 11(3), 251-261
Raven, R.J.; Hannah, A.J. and Doran, R. (1974)
Relationship of Piaget's Logical Operations with Science 
Achievement and related Aptitudes in Black College Students 
Sci. Educ., 58(4), 561-568
Renner, J.W. and Stafford, D.G. (1972)
Teaching Science in the Secondary School 
Harper and Row, New York
Renner, J.W. and Lawson, A.E. (1973)
Piagetian Theory and Instruction in Physics 
Phys. Teach., 11(3), 165-169
Renner, J.W. and Lawson, A.E. (1975)
Intellectual Development in Preservice Elementary School Teachers 
An Evaluation
J. Coll. Sci. Teach., 89(2), 89-92
Renner, J.W.; Stafford, D.G.; Lawson, A.E. et al (1976)
Research, Teaching, and Learning with Piaget Model 
University of Oklahoma Press, Norman, U.S.A.
Renner, J.W. (1977)
Evaluating Intellectual Development Using Written Responses 
to Selected Science Problems 
University of Oklahoma, Norman, U.S.A.
Robertson, W.W. and Richardson, E. (1975)
The Development of some Physical Science Concepts in Secondary 
School Students
J. Res. Sci. Teach., 12(4), 319-329
Rothenberg, B.B. and Orost, J.H. (1969)
The Training of Conservation of Number in Young Children 
Child Developm., 40, 707-726
Rowell, J.A. and Hoffman, P.J. (1975)
Group Tests for Distinguishing Formal From Concrete Thinkers 
J. Res. Sci. Teach., 12(2), 157-164
Russell, DoH. (1962)
The Measurement of Reasoning Ability in Adolescents 
Ontario J. Educ. Res., 5(1), 33-40
Russell, D.H. (1965)
Children's Thinking
Ginn and Co., Fourth Printing, New York, Toronto, London 
Sayre, S. and Ball, D.W. (1975)
Piagetian Cognitive Development and Achievement in Science 
J. Res. Sci. Teach., 12(2), 165-174
Schwebel, M. and Raph, J. (1973)
Piaget in the Classroom 
Basic Books, New York
Scriven, E.G. (1967/1968)
An Analysis of Types of Concepts used by Fourth Through Ninth 
Graders in Writing Explanations of Scientific Terms 
Dissertation Abstract International, 28A, 132A
Shayer, M. and Wharry, D. (1974)
Piaget in the Classroom, Part I: Testing a Whole Class at
the Same Time
Sch. Sci. Rev., 192(55), 447-458 
Shayer, M. (1976)
Development in Thinking of Middle School and Early Secondary 
School Pupils
Sch. Sci. Rev., 57(200), 568-571
Shayer, M. (1976a)
Item Discrimination
Unpublished Manuscript, 18 May, Centre for Science Education, 
Educational Psychology, Dhelsea College, London University, 
London, U.K.
Shayer, M . ; Kuchermann, D.E. and Wylam, H. (1976)
The Distribution of Piagetian Stages of Thinking in British 
Middle and Secondary School Children 
Brit. J. Educ. Psychol., 46(2), 164-173
Shayer, M. (1978)
The Analysis of Science Curricula for Piagetian Level of Demand 
Stud. Sci. Educ., 5, 115-130
Shipe, R.A. (1975)
The Ability of Teacher-Identified Non College Bound High School 
Biology Students to Identify and Apply Selected Princepts of 
Biology
Res. Educ., 10(5), ED 100 623 
Shram, W. (1966)
Programmed Instruction Today and Tomorrow
Translated into Arabic by 0. Farraj, Maktabat Nahdit Maser,
Cairo, A.E.R.
Siegel, B. and Raven, R. (1971)
The Effects of Manipulation of the Compensatory Concepts of
Speed, Force and Work
J. Res. Sci. Teach., 8, 373-378
Siegler, R.S.; Liebert, D.E. and Liebert, R.M. (1973)
Inhelder and Piaget's Pendulum; Teaching Pre-Adolescents to 
Act as Scientists 
9, 97-101
Sigel, I.E.; Roeper, A. and Hooper, F.H. ,(1966)
A Training Procedure for Acquisition of Piaget's Conservation 
of Quantity; a Pilot Study and its Replication 
Brit. J. Educ. Psychol., 36, 301-311
Sigel, I.E. and Hooper, F.H. (1968)
Logical Thinking in Children, Research Based on Piaget's 
Theory
Holt, Rinehart and Winston, New York
Skinner, B.F. (1968)
The Technology Teaching 
Appleton-Century-Crofts, New York, U.S.A.
Smedslund, J. (1961)
The Acquisition of Conservation of Substance and Weight in 
Children: II: External Reinforcement of Conservation of
Weight and of the Operating of Addition and Substraction 
Scand. J. Psychol., 2(2), 71-84
Smith, J.D. (1968)
The Effects of Training Procedures on the Acquisition of Conservation 
of Weight
Child Developm., 39, 515-526 
Somerville, R.T. (1974)
The Pendulum Problem: Patterns of Performance Defining Developmental
Stages
Brit. J. Educ. Psychol., 44, 266-281 
Sullivan, E.V. (1969)
Piagetian Theory in the Educaitonal Milieu: A  Critical Appraisal
Canad. J„ Behav. Sci., 1(3), 129-155
Sutton, C.R. (1974)
Language and Communication in Science Lessons
Science Teacher Education Project, The Art of The Science
Teacher, McGraw-Hill, U.K.
Sweetland, R.C. (1969)
The Use of Mental Imagery Among Young Children in the 
Acquisition of Piaget's Principles of Conservation 
Dissertation Abstracts International, 29, 2624B
Tantawi, M. and Bostan, A. (1976)
Teaching Social Studies
Dar Elbohooth Al-Ilmia, Kuwait
Thomas, C.A. et al (1963)
Programmed Learning in Perspective: A Guide to Programme Writing
Lamson Technical Products Ltd., Canada, U.K., U.S.A.
Tisher, R.P. (1971)
A Piagetian Questionnaire Applied to Pupils in a Secondary School 
Child Developm., 42, 1633-1636
Tuddenham, R.D. (1970)
A  Piagetian Tests of Cognitive Development 
In Dockerll, W.B. (ed)
The Toronto Symposium on Intelligence, 1969 
Methuen and Co. Ltd., London, U.K.
Tuddenham, R.D. (1971)
Theoretical Regularities and Individual Idiosyncrasies 
In Green, D.R.; Ford, M.P. and Flamer, G.B. (Eds)
Measurement and Piaget 
McGraw-Hill, New York
Uzgiris, I.C. (1964)
Situational Generality of Conservation 
Child Developm., 35(3), 831-841
Walberg, H.J. and Anderson, G.J. (1968)
Classroom Climate and Individual Learning 
J. Educ. Psychol., 59(6), 414-419
Ward, J. (1972)
The Saga of Butch and Slim
Brit. J. Educ. Psychol., 42, 267-289
Warren, J.W. (1976)
Standards of Criticism (Letter Criticising Textbook Standards 
and their Part in Creating Misunderstandings of Concepts 
Phys. Educ., 11(2), 70-71
Wellington, B. and Wellington (1960)
Teaching For Critical Thinking 
McGraw-Hill Books Co. Inc., New York, U.S.A.
Wells, J. (1972)
Some Aspects of Adolescent Thinking in Science 
Educ. Res., 24, 212-224
Wicken, J.S. (1976)
Value of Historical Concepts in Science Education 
J. Chem. Educ., 53(2), 96-97
Williams, N. (1974)
Child Development
Heinemann Educational Books, London, U.K.
Wohlwill, J.F. and Lowe, R.C. (1962)
Experimental Analysis of the Development of the Conservation 
of Number
Child Developm., 33, 153-167
Wohlwill, J.F. (1964)
Development and Measurement
In Ripple, R.E. and Rockcastle, V.N. (Eds)
Piaget Rediscovered
School of Education, Cornell University, A  Report of the 
Concference on Cognitive Studies and Curriculum Development
Wollman, W. and Karplus, R. (1974)
Intellectual Development Beyond Elementary School V: Using
Ratio in Differing Tasks
Sch. Sci. Math., 74(7), 593-613
Wylam, H.E. (1975)
Item Analysis of CSMS Task II
Unpublished Manuscript, March, Centre for Science Education, 
Educational Psychology, Chelsea College, London University, 
London, U.K.
Zimiles, H.A. (1963)
Note on Piaget's Concept of Conservation 
Child Developm., 34, 691-695
SOME ASPECTS
OF THE 
CONCEPTUAL LEVEL 
OF
SECONDARY PHYSICS PUPILS
?
IN RUNAIT 
by
MISBAH HAJ-ISSA
IN PARTIAL FULFILMENT OF THE REQUIREMENTS OF THE 
PH.D. DEGREE, UNIVERSITY OF SURREY, JUNE 1978.
VOLUME 2
XII APPENDICES
Appendix A : Piagetian Items Test "P.I.T."
Appendix B ; The Determination of the Pupils* 
Conceptual Level in the First 
Pilot Study
Appendix C : The Determination of the Pupils* 
Conceptual Level in the Second 
Pilot Study
Appendix D : Check of Items in "P.I.T.**
Appendix E : The Relation between Objectives,
Items and Content Specifications
Appendix F : Physics Items Test "Ph.I.T." Form A
Appendix G : Physics Items Test'"Ph.I.T.** Form B
Appendix H : The Teaching Points
Appendix I : The Matrix of the Teaching Points
Appendix J : The Flow Chart
Appendix K : Teacher*s Guide Book for the 
Discussion Method
Appendix L : Questionnaire 1, for Teachers who 
supervised the Programmed 
Instruction Method
Appendix M  : Questionnaire 2, for Pupils who 
studied by the Programmed 
Instruction Method
Appendix N : Questionnaire 3, for Teachers
who employed the Discussion Method
Appendix 0 : Questionnaire 4, for Pupils who 
studied by the Discussion Method
Appendix P : Physics Programmed Textbook
Appendix Q : Physics Panels Textbook
Appendix R : Primary Questionnaire, for Physics 
Teachers who Taught First Grade in 
Kuwaiti Secondary Schools During 
Academic year 1975/1976
Appendix S : Check of Frame Difficulties
Appendix T : Test of Linguistic Intelligence "T.L.I.
Appendix U : Problems of Physics Attached to the 
Programmed Learning Method
Appendix V : Expert*s Qualifications
Page
lx
17x
25x
33x
35x 
50x 
72x 
94x 
10 2x 
10 4x
109x
153x
16 lx
167x
175x
181x
373x
44 lx 
447x 
467x
484x
494x
APPENDIX ’A T
PIAGETIAN ITEMS TEST 
"P.I.T."
Banlex c o n  o Ii-teiug
DENMARK 21-DIVISIONS
University of Surrey
Institute for Educational Technology
1976 -1977
Piagetian Items Test 
(P.I.T.)
Prepared by 
Misbah Haj-Issa
Time Required: 1
Pupil N a m e :........ ..........................................
Class:  ................. ..................................... .
School: .......           ........... .......
Date:.   ........ .............. ...................... ...............
fO
I-
1
DIRECTIONS
Please read these directions carefully:
Do not open the test booklet until the presenter (instructor) tells
you to do so.
Indicate by shading the square besides the correct answer, and give 
reasons for your selected answers.
It is not necessary to answer all the alternatives to the questions9 
but give a response when appropriate.
Let us take this example: "The weight of an object on the moon is
bigger than it’s weight on the earth." This statement is:
□  Correct
□  Wrong
(a) If this statement is correct, why?
(b) If this statement is wrong, why?
Of course here you must shade the second square, because the statement 
is wrong: □ Correct
Wrong
You must leave the question (a) and answer question (b), saying for 
instance: "The weight of any object is proportional to the gravity.
Because the gravity of the moon is smaller than the gravity of the 
earth, so the weight of an object on the moon is smaller than the 
obj ect’s weight on the earth".
If you change your mind, erase the first shading or writing completely, 
Do not waste time on difficult questions.
You may answer questions even when you are not perfectly sure if your 
answers are correct, but you should avoid wild guessing.
If you do not understand a word, or the meaning of any question, ask 
the presenter (or the instructor).
Shade the square besides the correct answer, and give reasons for 
your selected answer when it is necessary.
Problem 1
Two carss L, K: the first car (L) traversed 80 meters in b seconds, and 
the second car (K) traversed 8 0  meters in 3 seconds, as shown in the figure.
8 0  m  
U sec.
8 0  m  
3 sec.
(a) Did they take the same time? □ YES □ NO
(t) Did they cover the same distance? □ YES □ NO
(c) Did they go at the same speed? □ YES ■ □ NO
(a) If (c) is ’Y E S ’, why?
(e) If (c) is 1N O ’, which one went quicker than the other?
□  The first car (L)
□  . The second car (K)
(f) If the first car (L) went quicker, why?
(g) If the second car (K) went quicker, why?
Problem 2
Two cars, L, K: the first car (L) traversed 20 meters in b seconds
and the second car (K) traversed 2b meters in 1* seconds, as shown in the
figure.
L
20 m
^ sec. 
2 b  m
^ sec.
(a) Did they take the same time?
(b) Did they cover the same distance?
(c) Did they go at the same speed?
□
YES
NO
YES□  
I— iLJ
□  
□
YES
(d) If (c) is ’YES' , why?
(e) If .(c) is fN 0 ’, which one went quicker than the other?
□  The first car (L)
□  The second car (K)
(f) If the first car (L) went quicker, why?
(g) If the second car (k ) went quicker, why?
Problem 3
Two cars, L, K: the first car (L) traversed 20 meters in 1 second and
the second car (K) traversed 1+0 meters in 2 seconds, as shown in the
figure.
. A T T  _
20 m
1 sec.
1+0 m
2 sec.
(a) Did they go at the same speed?
(b) If (a) is 1Y E S ’, why?
YES
NO
(c) If (a) is *N0’, which one went quicker than the other?
j 1
I I  The first car (L)
□  The second car (k )
(d) If the first car (L) went quicker, why?
(e) If the second car (K) went quicker, why?
Problem k
Two cars, L, K: the first car (L) traversed 30 meters in 3 seconds,
and the second car (K) traversed 90 meters in 9 seconds, as shown in the
figure:
L
30 m
3 sec.
90 s
9 sec.
• fill ■!'»■>■ IQ'
(a) Did they go at the same speed? I I YES
I 1LJ N0
(b) If (a) is 'YES’, why?
(c) If (a) is 'NO1, which one went quicker than the other?
□  The first car (L)
□  The second cax (K )
(d) If the first car (L) went quicker, why?
(e) If the second car (K) went quicker, why?
Problem 5
Two carsj L, K: the first car (L) traversed 30 meters in 2 seconds and
the second car (K) traversed 120 meters in 8 seconds, as shown in the
figure:
L
30 m
2 sec.
K 120 m
8 sec,
(a) Did they go at the same speed? □  YES
f 1 '. LJ NO
(h) If (a) is ’Y E S ’, why?
(c) If (a) is ‘N O 1j which one went quicker than the other?
□  The first car (L)
□  The second car (K)
(d) If the first car (L) went quicker, why?
(e) If the second car (K) went quicker, why?
Problem 6
Two cars, L, K: the first car (L) traversed 60 meters in U seconds and
the second car (K) traversed 50 meters “in 3 seconds, as shown in the
figure:
60 m
^ sec.
50 m
(bj If (a) is ’YES', why?
3 sec.
. ' '-I--- 1
(a) Did they go at the same speed? [__J YES
□ NO
(c) If (a) is 'NO1, which one went quicker than the other?
□  The first car (L)
□  The second car (K)
(d) If the first car (L) went quicker, why?
(e) If the second car (K) went quicker, why?
Problem 7
We now have three cars, L, K  and N: the first car (L) traversed 130 meters 
in 5 seconds, the second car (K) traversed 150 meters in 5 seconds, and the 
third car (N) traversed l60 meters in 8 seconds, as shown in the figure?
130 m
5 sec.
150 m
5 sec.
l60 m
sec.
(a) Did they go at the same speed? □ YES □ NO
(b) If (a) is 'YES', why?
(c) If (a) is ’N O ’:
(i) Which one went the 
quickest?
□  The first car (L)
□  The second car (K)
□  The third car (N)
(ii) Which one went the
slowest?
I 1
I___ I The first car (L)
I 1
|___ I The second car (K)
□  The third car (N)
(d) If the first car (L) went the quickest or the slowest, why?
(e) If the second car (K) went the quickest or the slowest, why?
(f) If the third car (N) went the quickest or the slowest, why?
Problem 8
Two cars* L, K, moving on two concentric circles* start from Ax* A 2  
and stop at A 1 x s A 1 2  simultaneously.
' L
(a) Did they take the same time? □ YES ’ □ NO
(b) Did they cover the same distance? □ YES □ NO
(0 ) Did they go at the same speed? □ YES □ NO
(d) If (c) is 'YES', why?
(e) If (c) is 'NO1* which one went quicker than the other?
, ' I----1 .. # '■
I j The first car (L)
I 1
J I The second car (K)
(f) If the first car (L) went quicker, why?
(g) If the second car (K) went quicker, why?
Problem 9
Two cars, L, K, set off from the points A  and C at the same time and arrived 
at points B and D at the same time, as shown in the figure:
L ■/rr-tv
(b) If (a) is 'YES', why?
(c) If (a) is fN 0 ' , which car went quicker than the other?
□  The first car (L)
□  The second car (K)
(d) If the first car (L) went quicker, why?
(e) If the second car (K) went quicker, why?
Problem 10
ABC and ADC were two paths over which two toy cars ran: the first path 
is clearly longer than the second. The two cars, L, K 9 started from A 
and travelled to C; the first car, L, traversed the path ABC and the 
second car, K, traversed the path ADC, as shown in the figure:
30 cm
If both cars arrived at the same time at C
(a) Did they go at the same speed? YES
NO
(b) If (a) is 'YES', why?
(c) If (a) is ’N O 1, which one went quicker than' the other?
□  The first car (L)
I 1
I J  The second car (K)
(d) If the first car (L) went quicker, why?
(e) If the second car (IC) went quicker, why?
Problem 11
Two toy cars, L, K . , set off from two different points, A, C, at the 
same time and arrived at their destination, B, D, at the same time. 
Thus the first caught up with the second, as shown in the figure:
A  B
(a) Did they go at the same speed? I 1 YES
(b) If (a) is ’Y E S ’, why?
(c) If (a) is ‘N O 1 , which one went quicker than the other?
□  The first car (L)
I 1
I J  The second car (K)
(d) If the first car (L) went quicker, why?
(e) If the second car (K) went quicker, why?
Problem 12
Two toy cars, L, K, set off from two different points. A, G,, at the 
same time, but the first car arrived at the point B before the second 
car'arrived at point D, as shown in the figure:
■ L. 2
B
D
(a) Did they go at the same speed? YES
NO
(b) If (a) is ’Y E S ’, why?
(c) If (a) is 'NO’ , which one went quicker than the other?
□  The first car (L)
 I 1
I I  The second car (K)
(d) If the first car (L) went quicker, why?
(e) If the second car (K) went quicker, why?
Problem 13
A  toy car, L, set off from the point A, and at the same time another toy 
car, K, set off from the point C, as shown in the figure:
l ^ 2
B
K K
D
If both of the cars arrived at points B  and D at the same time:
(a) Did they go at the same speed? □  YES
□ NO
(b) If (a) is ’Y E S ’, why?
(c) If (a) is ’N O 1, which one went quicker than the other?
□  The first car (L)
□  The second car (K)
(d) If the first car (L) went quicker, why?
(e) If the second car (K) went quicker, why?
END OF THE. TEST
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THE DETERMINATION OF THE PUPILS CONCEPTUAL 
LEVEL IN THE FIRST PILOT STUDY
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APPENDIX ’D 1 
CHECK OF ITEMS IN "P.I .T .M
CHECK OF ITEMS IN P.I.T.
Serial Proposed „ Pilot 1 Serial Pilot 2 Last Version
Ho. Level (Level) No. (Level) Serial
No. Level
1 2A 1 7 1 2A
2 2A/2B 7 2 7 2 2A/2B
3 2B 2A/2B 3 7 3 2.A/2B
4 2A 2A/2B 4 2A 4 2A
5 2A/2B / 5 / 5 2A/2B
6 2B 6 / 6 2B
7 2B 2B 7 V 7 2B
8 2B/3A 2B 8 / 8 2B
9 2B/3A 7 9 2B 9 2B
10 2B/3A / 10 /.... _ 10 2B/3A
11 2B/3A 7 11 11 2B/3A
12 2B/3A 7 12 7 12 2B/3A
.121 2B/3A ? - omitted - -
12” 2B/3A 1 *? - omitted - -
13 3A 7 13 y 13 3A
13' 2B/3A. ? - omitted - -
13" 2B/3A ? - omitted —
14 3A 7 14 / 14 3 A
14’ 7 .. . 15 3A
15 2A ? 15 ? - • omitted
16 2A ..../ .. 16 7 16 2 A
17 2B / 17 2A/2B. 17 2A/2B
18 . 2B/3A 3A 18 7 18 3A
19 3A 7 19 7 19 3A
20 2A 20 7 20 2k
21 2A/2B r 2 i L  .7 ... 21 2A/2B
22 2B 22 ? - omitted-
23 2A 23 7 22 2A
24 2A/2B 24 7 23 2A/2B
25 2B 25 7 24 2B
26 2 A. 26 7 25 2A
27 2A/2B 27 7 26 2A/2B
28 2B 28 7 27 2B
29 2A 29 7 28 2A
30 2A/2B ■ I 30 7 29 2A/2B
31 2B 31 1 7 30 2B
32 2A 32. 7 31 2A
33 2A/2B 33 7 32 2A/2B
34 2B 34 7 33 2B
APPENDIX 1E f
THE RELATION BETWEEN OBJECTIVES, ITEMS 
AND CONTENT SPECIFICATIONS
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Directions
Please read these directions carefully
1. Remove the Answer Sheet that is loosely inserted in this booklet and 
fill in the information asked for at the top.
2. Finish reading these directions, hut do not open the test booklet 
Until the instructor tells you to do so.
3. Indicate your answer on the Answer Sheet by shading the circle that 
corresponds with your choice of answer.
Let us take this example:
The displacement of a moving object is defined as the:
A. total distance traversed in a time unit;
B. change in its speed in a time unit;
C. distance traversed in a time unit;
D. shortest distance between the initial point of motion and 
the final point;
E. longest distance between the initial point of motion and 
the final point.
To determine the correct answer shade the circle that corresponds with 
the correct answer on the'Answer Sheet, e.g.
k. If you change your mind, erase the first shading completely. Do not
carelessly or intentionally make any other mark on the Answer Sheet.
5. Do not waste time on difficult questions.
6. You may answer questions even when you are not perfectly sure that your 
answer is correct, but you should avoid wild guessing.
7. If you do not understand a word or the meaning of any questions, ask
your instructor.
Here the correct answer is
** This test has two parts: a Multiple Choice part and a Completion part.
Answer Sheet of Physics Test
T i m e : 1 § hrs.
Name:  .............     Class........................
School:............    Date:.... / .... /197...
Directions: Shade the circle that corresponds with the correct answer.
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No. A B C D E
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PART 1
Shade the circle on bhe Answer Sheet that corresponds with the correct 
answers to the following:
1. The speed of a moving object is defined as follows:
A. It is the displacement of the moving object in a certain time.
B. It is the distance traversed by the moving object in any time.
C. It is the distance traversed by the moving object per unit time.
D. It is the change in speed of the moving object per unit time.
E. It is the displacement of the moving object per unit time.
2. The speed of a moving object is variable when: (choose the best
answer)
A. the distances traversed by the moving object are equal in equal 
intervals of time;
B. the distances traversed by the moving object are unequal in equal 
intervals of time;
C. the distances traversed by the moving object are proportional to 
the times required;
D. the distances traversed by the moving object increase uniformly 
in equal intervals of time;
E. the distances traversed by the moving object decrease uniformly 
in equal intervals of time.
3 . We say that the speed of an object is uniform when:
A. The object travels uniformly, increasing distances in equal times
B. The object travels equal distances in unequal times.
C. The object travels unequal distances in equal times.
D. The object travels equal distances in equal times.
E. The object travels uniformly, decreasing distances in equal times
h. The acceleration of a moving object is variable when: (choose the
best answer)
A. the change in the speed of the moving object per unit time 
is inconstant;
B. the change in the speed of the moving object per unit time 
is constant;
C. the changes in the speed of the moving object are proportional 
to the times required;
D. the changes in the speed of the moving object are increased
uniformly in equal intervals of time;
E. the changes in the speed of the moving object are decreased
uniformly in equal intervals of time.
5. The average speed of an object is defined as follows:
A. It is the total distance traversed by the moving object, divided
by the total time.
B. It is the total time, divided by total distance.
C. It is the total distance traversed, divided by the time required
for moving only.
D. It is the total distance traversed, divided by total stopping 
time.
E. It is the time required for moving, divided by total distance 
traversed.
6. The weight of an object is defined as follows:
A. It is the same as the mass of the object.
B. It is the gravitational force exerted on the object.
C. It is the force required to give the object an acceleration of 
1 m/s^.
D. It is any force acting on the object.
E. It is the mass of 1 litre of the object.
7. The velocity of an object is defined as follows:
A. It is the total distance traversed by the moving object, 
divided by the total time required.
B. It is the speed in a certain direction.
C. It is the time required, divided by displacement which takes
place.
D. It is the_ average of speed change per unit time.
E. It is the distance divided by the time.
8 . We can state Newton’s first law of motion as follows:
A. A  stationary object remains stationary but a moving object does 
not keep moving with its own speed, if no external force is 
exerted on it to change its condition.
B. A  stationary object does not remain stationary, but a moving 
object still moves with its own constant speed if no external 
force is exerted on it to change its condition.
C. A  stationary object remains stationary and a moving object still 
moves with its own constant speed if no external force is 
exerted on it to change its condition.
D. A  stationary object does not move, but a moving object stops if 
no external force is exerted on it to change its condition.
E. The acceleration of a moving object is proportional to the force 
exerted on it and is inversely proportional to its mass.
9. We say that the acceleration is uniform when:
A. The change in the displacement of the moving object per unit 
time is constant.
B. The change in the speed of the moving object per unit time is
constant.
C. The distances travelled in equal times are equal.
D. The distances travelled in equal times are unequal.
E. The changes of speed in equal times are unequal.
10. Newton’s second law of motion is stated as follows:
A. The acceleration of a moving object is proportional to its mass 
and inversely proportional to the force exerted on it..
B . The acceleration of a moving object is proportional to both
its mass and the force exerted on it.
C. The acceleration of a moving object is inversely proportional
to both its mass and the force exerted on it.
D. The acceleration of a moving object is proportional to the force
exerted on it and inversely proportional to its mass.
E. The acceleration of a moving object has no relationship to its 
mass and the force exerted on it.
11. Force is defined as follows: (choose the best answer)
A. It is any push or pull which tries to make a sta,tionary object 
move.
B . It is any push or pull which tries to change the speed of the 
moving object.
C. It is any effect on the object which results in a change of its 
shape.
D. It is any effect on the object which results in a change of 
shape, speed and direction of motion.
E. It is any effect on the moving object which results in a change
• of its direction of motion.
12. The mass of an object is defined as follows:
A. The mass of an object gives an idea of the attractive forces 
between the atoms.
B . The mass of an object gives an idea of the weight of 1  litre of 
the substance of which it is made.
C. The mass of an object gives an idea of the volume of 1 Kg of the 
substance of which it is made.
D. The mass of an object gives an idea of its shape and its colour.
E. The mass of an object gives an idea of the amount of substance
(or number of atoms) which the object has.
13. The kilogram (Kg) is defined as follows:
A. It is the mass of a moving object, which has an acceleration
1  m/s^ if we apply to it a constant force.
■O'
B. It is a force due to gravity which is applied to a moving object 
when its acceleration is 1  m/s^,
C. It is the weight of an object moving with a uniform acceleration 
1  m/s^.
D. It is the mass of an object which has a uniform speed of 1 m/s
when a force of 1 N is applied -to it.
E. It is a unit mass which is equal to the mass of the International
Prototype Kilogramme.
lU. The newton unit is defined as follows:
A. It is a force which, if applied on an object whose mass is 1 Kg,
produces in it an acceleration of 1  m/s^.
B. It is the mass of an object which will have an acceleration of
1  m/s^ when a force of 1  N is applied to it.
C. It is the weight of an object moving with uniform acceleration 
of 1  m/s^.
D. It is a force due to gravity applied on a moving object to give
it a uniform acceleration of 1  m/s^.
E. It is a force affecting an object so that its acceleration is
1  m/s^.
15. The average velocity is equal to: •
A. distance, divided by time;
B. total traversed distance, divided by total required time;
C. change in speed, divided by required time;
D. required time, divided by displacement;
E. displacement, divided by required time.
16. In each of the columns, which of the following is a unit of speed:
a. A. Kin/h2
B. Km/h ^
C. h/Rm
D. h2 /Km
E. Km2 /h
b. A. CnT/S 
B* S2 /Cm
C. S/Cm
D. Cm/S 2
E. Cm/S
A. m/S 2
B. m 2/S
C. m/S
D. S2 /m
E. S/m 2
IT. This tape-timer was obtained from an experiment
M
l i
a. We can describe the kind of speed between the points K, L, M  and 
N as follows: •
Kind of speed Between the points
as uniform
increasing uniformly 
increasing non-uniformly 
decreasing uniformly 
decreasing non-uniformly
K  and L L and M  M  and K
a x : A.
B.
C.
D.
E.
a2 : A.
B.
C.
D.
E.
a 3 : A.
B.
C.
D.
E.
b . If the distances between the points K, L, M  and N are H Cm, 6  Cm, 
and 5 Cm respectively, and the frequency of the ticker-timer is 
1 0  dots per second, the average speed therefore between the 
points K  and N is equal to:
A. 15 Cm/S
: B. 10 Cm/S
C. 6  Cm/S
D. 5 Cm/S
E. k Cm/S
This graph represents the relationship "between speed and time for 
a car.
A  Speed (m/S)
a. The distance which
the car traversed
• A - • 2 0 -Im o  seconds is
equal t o :
220 m
110 m
22 m
Time (S)E. 1 1  m
h. We can describe the speed in each interval as follows: 
(choose the best one)
Intervals
The speed
(0-2)
S
(2-5) 
. S
(5-6)'
s
(6-7)
s
C
O
 i 
CO
Increasing
non-uniformly
bx: A. b£: A. b3: A. bi|.: A. b5: A.
Decreasing 
non-uni formly
B. B. B. B. B.
Steady c. C. C. C. C.
Increasing
uniformly
D. D. D. D. D.
Decreasing
uniformly
E. E. E. E. E.
From the graph we can deduce 
that the average speed within 
the five seconds is equal to:
A. 16 Cm/S
B. 30 Cm/s
C. 32 Cm/S
D. 80 Cm/S
E. 1*00 CM/S
Distance (m)
b 50 1 32
Time (S)
20.
21.
A  car set off from Station I, 
passed stations J 9 K 9 L and 
stopped at M, traversing the 
distances 70 9 60, ^0 and 20 Kin 
in I hour for each part, as 
shown in the figure.
If the scale is 10 Km : 1 Cm
70 Km
o■VQ
K
w
a. the average velocity 
(by using a ruler) is 
equal to:
A. 10 Km/h West - South
B. 15 Km/h ” "
C. 20 Kin/h " "
D. 25 Kin/h "  "
E. 30 Kin/h ” "
b. and the average speed is equal to:
A. 55 Kin/h
B. 65 Kin/h
C. 75 Kin/h
B. 85 Km/h
E. 95 Kin/h
b 0 Kin
E
M
20 Kin
l each of the columns, which of the following is a unit
a. A. m/S b. A. Cm/S 2 c . A. Kin/S
B. S/m B. S/Cm B. Kin/S2
C. m/S 2 C. Cm/S C. S/Kin2
D. m 2/S D. Cm2 /S D. Kin2 /S
E. S2/m E. S2 /Cm E. S2 /Kin
22. Calculate the acceleration of the moving object through the three 
stages I 9 II and III from the figure below.
A. I k
Cm/S 2
B. T Cm/S
C. TO Cm/S*
D. 1*0 Cm/S*
E. Zero Cm/S
2
Stage II 
A. TO C m / S ‘
B. -20 Cm/S
C. Zero Cm/S*
D ‘ £ c m / S 2  
E. 10 Cm/S 2
Stage III
A. Zero Cm/S*
B. -ll* Cm/S 2
C. k Cm/S 2
D * ~  Cm/S 2  
E. 20 Cm/S 2
^  Speed (Cm/S)
60 -
50 -
30 - IIIII
20 -
25 30 3515 20100 5
Time (S)
23. The graph alongside represents 
a trolley coming down an 
inclined plane.
. ^  Speed (Cm/S)
a. The acceleration ^
of the trolley i s : 1 0 0
A. 10 Cm/S2
90 .
p 80 .
B. 8 Cm/S
70 -
C. 25 Cm/S2 60 -
D. 100 Cm/S2 50 -
o 40 -
E. 30 Cm/S
30 *
20 -
10 -
Time (S )
b. The slope of the graph (speed time) is:
A. 12.5
B. 8
C. 20
D. 5.5
E. 10
c. We deduce from the answers of ’a* and 'b1 that:
A. acceleration numerically is bigger than the slope of 
graph (speed time);
B. acceleration numerically is smaller than the slope of 
graph (speed time);
C. acceleration numerically is equal to the slope of 
graph (speed time);
D. there is no relationship between the slope of graph 
(speed time) and acceleration;
E* acceleration is inversely proportional to the slope of 
graph (speed time).
2k. A carTs speed increased 
from 6 m/S to 18 m/S in 
8 seconds, as shown in 
the figure.
The distance traversed by 
the accelerating car in 
the 8 seconds was 
calculated by using the 
term "mean speed" and 
was found to be equal to:
8 mA.
B.
C.
D.
E.
1 8  m  
6 m  
U8 m  
96 m
Speed (m/S)
18 -
16 -
14 -
12 “
10 -
80 642.
Time (S)
225. A bicycle moved .from rest and accelerated uniformly at 2 m/S until
it had traversed 9 m. The final speed of the bicycle was equal to:
A. 6 m/S
B. 12 m/S
C. 9 m/S
D. 18 m/S .
E. U.5 m/S
26. A car was moving at a speed of 15 m/S when the driver suddenly saw a
truck stopped in the middle of the road. He applied his brakes half
a second after seeing the truck. The deceleration of his car was
5 m/S2.
a. The braking distance was equal to:
A. T.5 1
B. 15 m
C. 22.5 m
D. 30 m
E. 37.5 m
b. The thinking distance was equal to:
A. 2.5 1
B. 5 m
• C. 10 m
D. 12.5 m
E. 7.5 m
c. The overall stopping distance was equal to:
A. 10 m
B. 20 m
C. 30 m
D. 1+0 m
E. 50 m
d. The required time for stopping, after applying the brakes, 
was equal to:
A. 1.5 S 
* ■
12 S 
C. 5 S
D . Ik S
E. 3 S
e. The overall stopping time was equal to:
A. 3.5 S
B. 5 S
C. 7 S
D. 2 S
E. 1.7 S
27. A stone was thrown at an initial speed of 20 m/S 
(g = 10 m/S^).
a. The speed of the stone, when returning to the same 
point from which it had been thrown, was equal to:
■ ' A. 1*0 m/S
B. 10 m/S
C. 20 m/S
D. 15 m/S
E. 25 m/S
b. The time required by the stone to attain the maximum 
height was equal to:
A. 8 S
B. 2 S
C. k S
D. 6 S
E. 5 S
t  =  ? d = ?
20
c. The overall time required by the stone to return to the 
throwing point was equal to:
A. 5 S
B. 6 S
C. 8 S
D. 2 S
E. ^ S'
d. The maximum height that the stone reached was equal to:
A. 50 m
B. HO m
C. 10 m
D. 20 m
E. 30 m
A car's mass is 2 ton (ton = 1000 Kg) and its speed 20 m/S. When the 
driver applied his brakes the car stopped after UO-m.
a. The average deceleration was:
A. -5 m/S2
B. -10 m/S2
C. -36 m/S2
D. 20 m/S2
E. *10 m/S2
b. The frictional force between wheels and the road surface was:
A. -10%
B. -10%
C. 2 x 1 0 %
D. 7 x 1 0 %
E. -5 x 102N
END OF TEE FIRST PART OF THE TEST
PART 2
29. Indicate "which of the following are vector and which scalar quantities 
hy writing the identifying numbers only in the columns below.
1. 20°c 7- 72 m2
2." ' 30 Cm/S West 8. 7 m/S South
3. 205 pages 9. 15 m3/S
k. 15N North-east 10’. 10.5 gr./Cm^
5. 35 minute 11. 270 m
6. 30 Cm South-east 12. 10 Km North-west
Vector Quantities . Scalar Quantities
....... s.......,.......s • .   ................................
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  1 . . 1 •
30. Match the concepts in the left-hand column with the units on the right 
by placing the appropriate letter or letters in the blank spaces next 
to the numbers. (Note that it may be possible to match a unit with 
more than one concept)
a. Mass ..
b. Speed
c. • Force
d. Acceleration
e. Velocity ......... . 5. Kg
f. Weight
e*. Distance
h. Time
i. Displacement
31. If you have these two formulas:
V2 = Y± + at d = .Vl + V2 t
2
deduce the relationship between distance "d" (traversed by an 
object moving in a uniform acceleration), initial speed , its 
acceleration "a", and the required time Mtft to traverse that distance.
32. Order by number (l, 2, etc. to 7) the following steps of an experiment
to find the relationship between force applied to a trolley and its
acceleration.
  Repeat the experiment by using two elastic strings, then three
and four. In each experiment attach suitable parts of the 
tape to a sheet of graph paper.
  Pull the trolley by a constant length of elastic string.
  Attach a ticker-timer to a laboratory table. Use a suitable
slope for an inclined plane so that the trolley will roll at 
a steady speed. You can check that the speed is steady by 
using the ticker-timer.
  Attach a tape to the trolley which has been placed at the top
of the inclined plane.
  Study the relationship between force and the acceleration when
the mass is constant.
  We deduce from this experiment that ....
...... Attach suitable parts of the tape to a sheet of graph paper.
Let us consider that we have obtained this graph from 
an experiment for calculating the acceleration due to 
gravity "gn of the free falling ball (by using a 
stroboscope).
Calculate from the information on the graph the 
magnitude of "g" if the frequency of the stroboscope 
is 5 flash/S.
/ • Vo -  Vn v(You can use the formula: g = ^ ± )
t
160-
180'
200 -
220'
240 "
260'
280'
300'
320-
340 '
360
cm
If the acceleration due to gravity in Kuwait is 10 m/S^ and on the 
moon is 1.5 and the mass of an object is 20 Kg, calculate its
mass and weight:
a. in Kuwait mass =...........
weight =
b. on the moon mass = ..... .
weight = .........
cm 
0 -
2 0 -  
40- 
60- 
80- 
100 - 
120 -  
140 -
We have obtained.these tables from two experiments of a trolley to 
which a force has been applied.
1st. When the mass of the trolley was constant we found these 
results
Force (F) 
in N 10 20
30 hO 50
Acceleration (a) 
in m/S2 1.5 3 fc.5
6 7.5
What relationship do you deduce between F and a?
2nd. When the force (applied to the trolley) was constant we found 
these results
Mass (m) 
in Kg
2 3 h 5 6
Acceleration (a) 
in m/S^ 6 h 3 2.^ 2
What relationship do you deduce between m and a?
3rd. Deduce one relationship from 1st and 2nd.
END OF THE TEST
It is advisable to check your answers before giving this booklet to 
your observer.
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D. shortest distance between the initial point of motion and 
the final point;
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PART 1
Shade the circle on the Answer Sheet that corresponds with the correct 
answers to the following:
1. The speed of a moving object is defined as follows:
A. It is the. distance traversed by the moving object in a certain 
time. -
B. It is the change in speed of the moving object per unit time.
C. It is the displacement of the moving object in a certain time.
D. It is the displacement of the moving object per unit time.
E. It is the distance traversed by the moving object per unit time.
2. The speed of a moving object is variable when: (choose the best
answer)
A. the distances traversed by the moving object decrease uniformly 
in euqal intervals of time;
B. the idstances traversed by the moving object increase uniformly 
in equal intervals of time;
C. the distances traversed by the moving object are proportional 
to the times required;
D. the distances traversed by the moving object are unequal in 
equal intervals of time;
E. the distances traversed by the moving object are equal in 
equal intervals of t ime.
3. We say that the speed of an object is uniform when:
A. The object travels uniformly, decreasing distances in equal times
B. The object travels equal distances in equal times.
C. The object travels unequal distances in equal times.
D. The object travels equal distances in unequal times.
E. The object travels uniformly, increasing distances in equal times
!+. The acceleration of a moving object is variable when: (choose the
best answer)
A. the changes in the speed of the moving object are decreased
uniformly in equal intervals of time;
B. the changes in the speed of the moving object are increased
uniformly in equal intervals of time;
C. the changes in the speed of the moving object are proportional
to the times required;
D. the change in the speed of the .moving object per unit time 
is constant;
E. the change in the speed of the moving object per unit time 
is inconstant.
5. The average speed of an object is defined as follows:
A. It is the required time for moving, divided by total distance 
traversed.
B. It is the total distance traversed, divided by time required 
for moving, only.
C. It is the total distance traversed, divided by the total time.
D. It is the total distance traversed, divided by total stopping
time.
E. It is the total time, divided by total distance.
6. The weight of an object is defined as follows:
A. It is the mass of 1 litre of the object.
B. It is any force acting on the object.
C. It is the force required to give the object an acceleration
of 1 m/S^.
D. It is the gravitational force exerted on the object.
E. It is the same as the mass of the object.
T . The velocity of an ob j ect is defined as follows :
A. It is the distance divided by the time.
B. It is the average of speed change per unit time.
C. It is the time required divided by displacement which takes 
place.
D. It is the speed in a certain direction.
E. It is the total distance traversed by the moving object,
divided by the required total time.
8. Newton’s first law of motion is stated as follows:
A. The acceleration of a moving object is proportional to the 
force exerted on it and is inversely proportional to its mass.
B. A  stationary object does not move, but a moving object stops 
if no external force is exerted on it to change its condition.
C. A  stationary object remains stationary, and a moving object 
still moves with its own constant speed if no external force 
is exerted on it to change its condition.
D. A  stationary object does not remain stationary, but a moving 
object still moves with its own constant speed if no external 
force is exerted on it to change its condition.
E. A  stationary object remains stationary, but a moving object 
does not keep moving with its own speed if no external force 
is exerted on it to change its condition.
9. We say that the acceleration is uniform when:
A. The change in the displacement of the moving object per unit 
time is constant.
B. The distances travelled in equal times are equal.
C. The changes of speed in equal times are unequal. .
D. The distances travelled in equal times are unequal.
E. The change in the speed of the moving object per unit time
is constant.
10. Newton’s second law of motion is stated as follows:
A. The acceleration of a moving object has no relationship to
its mass and the force exerted on it.
•*>
B. The acceleration of a moving obejct is proportional to the 
force exerted on it and inversely proportional to its mass.
C. The acceleration of a moving object is inversely proportional 
to both its mass and the force exerted on it.
D. The acceleration of a moving object is proportional to both
its mass and the force exerted on it.
E. The acceleration of a moving object is proportional to its 
mass and inversely proportional to the force exerted on it.
11. Force is defined as follows: (choose the best answer)
A. It is any effect on the object which results in a change in
its shape, speed and direction of motion.
B. It Is any effect on the moving object which results in a change
of its direction of motion.
C. It is any push or pull which tries to make a stationary object 
move.
D. It is any push or pull which tries to change the speed of the 
moving object.
E. It is any effect on the object which results in a change in 
its shape.
12. The mass of an object is defined as follows:
A. The mass of an object gives an idea of the amount of substance 
(or number of atoms) which the object has.
B. The mass of an object gives an idea of its shape and its colour.
C. The mass of an object gives an idea of the volume of 1 Kg of
the substance of which it is made.
D. The mass of an object gives an idea of the weight of 1 litre 
of the substance of which it is made.
E. The mass of an object gives an idea of the attractive forces 
between its atoms.
13. The kilogram (Kg) is defined as follows:
A. It is the mass of a moving object, which has an acceleration
of 1 m/S2 if we apply to it a constant force.
B. It is a force due to gravity which is applied to a moving -
object when its acceleration is 1 m/S2 .
C. It is the unit of mass which is equal to the mass of the 
International Prototype Kilogramme.
D. It is the weight of an object moving with a uniform acceleration
1 m/S2 . .
E. It is the mass of an object which has a uniform speed of 1 m/S 
when a force of I N  is applied to it.
lU. The newton unit is defined as follows:
A. It is a force which if applied to an object whose mass is 1 Kg, 
produces in it an acceleration of 1 m/S^.
B. It is the mass of an object which will have an acceleration of 
1 m/S2 when a constant force is applied to it.
C. It is a force due to gravity applied on a moving object to give 
it a uniform acceleration of 1 m/S2 .
D. It is the weight of an object moving with uniform acceleration 
of 1 m/S2 .
E. It is a force affecting an object so that its acceleration is 
1 m/S2 .
15. The average velocity is equal to:
A. Total traversed distance, divided by total required time.
B. Displacement, divided by required time.
C. Distance, divided by time.
D. Required time, divided by displacement.
E. Change in speed, divided by required time.
1 6 . In each of the columns, -which of the following is a unit of speed,
a. A. Km2 /h b. A. Cm/S c. A. S/m2
B. h2/Km B. Cm/S2 B. S2 /m
C. h/Kin C. S/Cm C. m 2 /S
D. Km/h D. S2/Cm D. m/S
E. Kin/h2 E. Cm2/S E. m/S2
IT. This tape-timer was obtained from an experiment:
a. We can describe the kind of speed between the points K, I», M  
and N as follows:
Kind of speed Between the points
a s : uniform
increasing uniformly 
increasing non-uniformly 
decreasing uniformly 
decreasing non-uniformly
K  and L L and M M  and N
a j : A.
B.
C.
D.
E.
q.2 : A.
B.
C.
D.
E.
a 3 : A.
B.
C.
D.
E.
b. If the distances between the points K, L, M  and N are Ug Cm, U Cm 
and 3 1 Cm respectively, and the frequency of the ticker-timer is 
10 dots per second, the average speed between the points K  and N 
is equal to:
A. li Cm/S
B. 2 Cm/S
C. 2 I Cm/S
D. 5 Cm/S
E. 12 Cm/S
18. Tliis graph represents the relationship between speed and time for 
a car.
a. The distance which 
the car traversed 
in the 7 seconds 
is equal to:
| Speed (m/S)
20
0 1 2 3 765
A . - 200 m
B. 160 m
C. 120 m
D. 80 m
E. 1*0 m
b. We can describe the speed in each interval as follows: 
(choose the best one)
Time (S)
Intervals
Tne speed (0-1)S
(1-3)
S
(3-10
S
(1+ - 5) 
s
(5-7)
S
Increasing b x: A. b 2 : A. b 3 : A. bi*: A. bs: A.
non-un i f ormly
Decreasing B. B. B. B. B.
non-uniformly
Steady C. C. C. C. C.
Increasing D. D. D. D. D.
uniformly
Decreasing E. • E. E. E. E.
uniformly -
19. From the graph we can 
deduce that the average 
speed within the six 
seconds is equal to:
A. 6 0 m/S
B. 1*0 m/S
Co 20 m/S
D. 10 m/S
E. 6 m/S
l\ Distance (m)
70 .
60
50 -
20 -
0 1 5 62 3
Time (S )
20. A  car set off from Station J, 
then passed stations K and L 
and stopped at station M, 
traversing the distances 30,
1*0 and 6 0  Km in 2 hour,
\ hour and 1 hour respectively, 
as shown in the figure.
If the scale is 10 Km : 1 Cm
60 Km M
o
-n-
A
w E
K  30 Kin
21.
a. the average velocity 
(by using a ruler) is 
equal to:
A. 5 Km/h East - North
B. 10 Kin/h " "
C. 15 Kin/h 11 ”
D. 20 Km/h " "
E. 25 Kin/h " "
b. and the average speed is equal to:
A. 6 5  Kin/h
B. 60 Kin/h
C. i+0 Kin/h
D. 30 Kin/h
• E. 130 Kin/h
In each of the columns, which of the following is a unit of acceleration:
a. A. S2/m b. A. S2/Cm c. A. S/Kin2
B. m/S2
C. m 2 /S
D. S/m
E. m/S
B. Cm2 /S
C. Cm/S
D. Cm/S2
E. S/Cm
B. Km/S
C. Km/S2
D. Kin2 /S
E. S2 /Kin
22. Calculate the acceleration of the moving object through the three
stages I, II and III from the graph below.
Stage II
A. -60 Cm/S2
B. 20 Cm/S2
C. 6 Cm/S2 
Do -10 Cm/S2
E. Zejco Cm/S2
A. Zero Cm/S2
B. -10 Cm/S2
C. .20 Cm/S2 
Do 6 Cm/S2
E. -60 Cm/S2
Stage III
A. 20 Cm/S2
B. 6 Cm/S2
C . Zero Cm/S2
D. -10 Cm/S2
E. -60 Cm/S2
/l Speed (cm/S)
60
50 -
30 -
20 -
tEIIII
10 -
0 1 3 k2 5 6
Time (S)
23. The graph alongside represents 
a trolley coming down an 
inclined plane.
a. The acceleration of 
the trolley i s :
A. 1 m/S2
B. 2 m/S2
C. 3 m/S2
D. k m/S2
E. 5 m/S2
Speed (m/S)
16-
1 2 -
0 1 3 62 5
Time (S)
b. The slope of the graph (speed-time) is:
A. 1
B. 1.5
♦
C. 2
D. 2.5
E.- 3
c. We deduce from the answers of 'a* and 'b' that:
A. acceleration is inversely proportional to the slope of 
graph (speed-time);
B. there is no relationship between the slope of graph 
(speed-time) and acceleration;
C. acceleration numerically is bigger than the slope of 
graph (speed-time);
D. acceleration numerically is equal to the slope of 
graph (speed-time);
E. acceleration numerically is smaller than the slope of 
graph (speed-time).
A  car's speed increased 
from 9 m/S to 21 m/S in 
6 seconds, as shown in 
the figure.
The distance traversed by 
the accelerating car in 
the 6 seconds was calculated 
by using the term "mean 
speed", and was found to be 
equal to:
A.
B.
C.
D.
E.
90 m 
1 8  m  
3 6 m  
72 m 
lfcU m
l\ Speed (m/S)
21 -
18 .
15 -
12 -
0 1 5 62 3
Time (S)
p
25. A  “bicycle moved from rest and accelerated uniformly at 1 m/S until
it had traversed 32 m. The final speed of the bicycle was equal to
A. 8 m/S
B. 12 m/S
C. 16 m/S
D. 18 m/S
E. 32 m/S '
26. A  car was moving at a speed of 20 m/S when the driver suddenly saw
a truck stopped in the middle of the road. He applied his brakes
one second after seeing the truck, and the deceleration of his car 
was ^ m/S^.
a. The braking distance was equal to:
A. 15m
B. 25 m
C. 50 m
D. 60 m
E. 75 m
b. The thinking distance was equal to:
A. 10 m
B. 20 1
C. 30 m
D. k O  m  ' -
E. 50 m
c. The overall stopping distance was equal to:
A. U0 m
B. 50 m
C. 60 m
D. 70 m
E. 80 m
cL The required time for stopping, after applying the brakes, 
was equal to:
A. 25. S'
B. 20 S
C. 15 S
D. 10 S .
E. 5 S
e. The overall stopping time was equal to:
A. 6 S
B. 12 S
C. 15 S
D. 21 S
E. k 2 S
27. A  stone was thrown upwards at an initial speed of 30 m/S 
(g = 1 0 m / S 2 ).
a. The speed of the stone, when returning to the same
point from which it had been thrown, was equal to:
- A. 10 m/S
B. 20 m/S
C. 30 m/S d
D. 1+0 m/S
E. 60 m/S
b. The time required by the stone to attain the maximum 
height was equal to:
A, 1 . 5 S
B. 3 S
C. 1 + . 5  S i\
D. 6 s
E. 7.5 S
? 3 m/S
c. The overall time required "by the stone to return to the 
throwing point was equal t o :
A. 2 S
B. k B
C. 6 S
D. 8 S
E. 10 S
d. The maximum height which the stone reached was equal to:
A. 5 m
B. 15 m
C. 25 m
D. 35 m
E. 1*5 m
28. A  car’s mass is 500 Kg and its speed 5k Km/h. When the driver 
applied his Brakes the car stopped after 2 5  m.
a. The average deceleration w a s :
A. -it.5 m/S2
B. 9 m/S2
C. -6.5 m/S2 
• D. 7 m/S2
E. -2.5 m/S2
h. The frictional force "between wheels and the road surface was
A. “ 55^ N
B. 79 N
C. -1250 N
D. 579 N
E. “ 2250 N
END OF THE FIRST PART OF THE TEST
PART 2
29. Indicate which of the following are vector and which are scalar 
quantities by writing the identifying numbers only in the columns 
below:
1. 20 Km North-west 7» 1*0 Cm South-east
2. 150 m  8. 2 5  minutes
3. 7*8 gr./Cm3 9. 70 N North-east
1*. 25 m 3/S 10. 130 pages
5. 21 m/S South 11. ll* Cm/S West
6. i h k  m 2 12. 37°c
Vector Quantities Scalar Quantities
         . 
......   ,    .     . .......
30. Match the concepts on the left with the units on the right by placing 
the appropriate letter or letters in the blank spaces next to the 
numbers on the right. (Note that it may be possible to match a unit 
with more than one concept.)
a. Distance   1. newton (N)
b . Time........................ ............ . 2. m
c. Displacement   ..3. m/S North-west
d. Speed.................................... 1*. m/S2
e. Velocity   5. Kg
f. Acceleration  6. m  South-east
g. Force   7. m/S
h. Mass   8. S
i . Weight..................... ............. 9. m 2
31. If you have these two formulas:
a = v2 - vi a = v i + ¥2
deduce the relationship between distance "d” (traversed by an object 
moving in a uniform acceleration), initial speed "V^", its 
acceleration "a", and the required time "t" to traverse that distance.
32. Order by number (l, 2, etc. to 7) the following steps of an experiment
to find the relationship between force applied to a trolley and its
acceleration.
 ....  Study the relationship between force and the acceleration when
the mass is constant.
...... Attach suitable parts of the tape to a sheet of graph paper.
...... Repeat the experiment by using two elastic strings, then three
and four. In each experiment attach suitable parts of the 
tape to a sheet of graph paper.
  Pull the trolley by a constant length of elastic string.
   Attach the ticker-timer to a laboratory table. Use a suitable
slope for an inclined plane so that the trolley will roll at 
a steady speed. You can check that the speed is steady by 
using a ticker-timer.
   We deduce from these experiments that .....
  Attach a tape to the trolley which has been placed at the top
of the inclined plane.
Let us consider that we have obtained this graph from
an experiment for calculating the acceleration'due to
°1
l
o
gravity ”g" of the free falling ball (by using a 10-
stroboscope). 20- ©
Calculate from the information on the graph the 30-
magnitude of "g" if the frequency of the stroboscope H0-
is 10 flash/S. 50-
/ Vo - V t
(You can use the formula: g = 2 1 ) 60-
* t
70-
80- ©
90-
100-
110-
120-
130-
e
1^0-
150-
160-
170-
180- 
190 -
G
200 -
Cm
If the acceleration due to gravity in Kuwait is 10 m/S^ and on the 
moon is 1 .U m / S ^ 9 and the mass of an object is 50 Kg, calculate its 
mass and weight:
a. in Kuwait
b. on the moon
mass =
weight =
mass =
weight =
We have obtained these tables from two experiments on a trolley to 
which a force has been applied.
1st. When the mass of the trolley was constant we found these 
results:-" J
Force (F) 
in N T
1^ 21 28 35
Acceleration (a) 
in m/S^ 0.5
1 1.5 2 2.5
What relationship do you deduce between F and a?
2nd. When the force (applied to the trolley) was constant we found 
these results:-
Mass (m) 
in Kg
1 2 3 h 5
Acceleration (a) 
in m/S2 9 ^.5 3
2.25 1.8
What relationship do you deduce between m  and a?
3rd. Deduce one relationship from 1st end 2nd.
END OF THE TEST
It is advisable to check your answers before giving this booklet to 
your observer.
APPENDIX ’H f 
THE TEACHING POINTS
THE TEACHING POINTS
I. Speed o
1 «
1) Bodies around us move on differently shaped routes, straight, 
circular and vibratory movements.
2) The description of bodies1 movement as fast, moderate and slow
is not accurate and has no clear scientific significance.
3) The number that we read on speedometer scales, means that the
car can move a distance whithin one hour (on condition that 
the speedometer keeps pointing to the same number during one 
hour).
3)' The number indicated on the speedometer at a certain moment is 
called the instantaneous speed.
A) The known distance units are: Km, m, and cm (Km = 1000 m;
m  = 100 cm).
5) The known time units are: hr, min, and sec (hr = 60 min;
min = 60 sec).
6) The known speed unit is Km/hr (distance : Km, time : hr).
7) The speed unit in S.I.U, is m/sec.
8) The speed of a moving object is the distance which traversed
per unit time.
9) Distance—  Speed x Time.
10) The speeds of bodies move in straight movement, are uniform or 
variable.
11) The speed is uniform when the object travels equal distances
in equal times.
12) The speed is variable when the object travels equal 
distances in unequal times or unequal distances in equal times.
•*)
13) Equalization of the sequence distances on the tape time 
represents uniform speed.
14) Unequalization of the sequence distances on the tape time 
represents variable speed.
15) The average speed of an object is the total distance 
traversed by the moving object, divided by the total time 
required.
16) Quantities are represented graphically by x and y (variable 
and function).
17) If the (speed-time) graph is parallel to the time axis, this 
indicates that the speed is uniform (constant).
18) If the (speed-time) graph is not parallel to the time axis, 
this indicates that the speed is variable (inconstant).
IS) If the speed increases uniformly, it is called acceleration, 
and if it decreases uniformly it is called deceleration.
20) The area under a (speed-time) graph, represents a distance 
traversed by a moving object. .
II. Velocity
21) The distance covered by a moving body, is the length of the 
track (route) which the moving body followed.
22) The displacement of a moving body is the shortest distance 
between the beginning point of the movement and the end point 
of movement.
23. The scalar quantities are the quantities which have a value 
without taking direction into consideration.
*
24. The vector quantities are the quantities which have a value 
taking direction into consideration.
25. Velocity is the speed of a. moving body in a certain direction.
26. Velocity is uniform when speed and direction are constant.
27. Variable velocity called average velocity.
28* Average velocity is the displacement of a moving object per 
unit time or average velocity is displacement divided by 
required time.
29. Average speed is calculated from the total distance traversed 
by the moving object, divided by the total time required, while 
average velocity is calculated from the displacement divided by 
required time.
III. Acceleration
30. When the speed of a moving body increases, the movement is 
accelerated.
31. When the speed of a moving body decreases, the movement is
decelerated.
32. Acceleration is the amount of change in the speed of a 
moving body.per unit time.
33. The sign (+) with the acceleration means acceleration.
34. The sign (-) with the acceleration means deceleration.
35. Acceleration unit consists of speed and time units, or one
distance unit and two time units.
36. The acceleration is uniform when the change in the speed of a 
moving object per unit time is constant.
The acceleration is variable when the change in the speed of a 
moving object per unit time is inconstant.
When the acceleration is variable, the average acceleration is 
used, which is the change in the speed of a moving object per 
unit time.
40.^ When the(speed-time) graph is straight and not parallel to the
time axis, the acceleration has a value.
39. When the (speed-time) graph is straight and parallel to the
time axis, the acceleration = 0 .
41. Uniform acceleration = the slope of (speed-time) graph.
42. Acceleration is calculated by the formula:
V - V 2 1 ...
a s= --------  t V- initial speed, V 9 final speed, t time
t 1 Z
required.
43. The slope of (speed-time) graph is proportional with the 
acceleration.
V + V
44. Mean speed (V) =  ---- —
2
45. The distance traversed by a moving body (d) = V x t, (t) is 
the time required.
46. The relation between d, V^, t and a is:
d = Vjt + l & t 2
47. The relation between d, V^, and a is:
37.
38.
2 2
+ 2ad
50.* Stopping distance is the distance which is traversed by a 
moving body from the moment the brakes are used.
52.* Stopping time "is the time required between the moment the 
brakes are used and the moment the car stops.
48.* The driver thinking time is the period of time between the 
moment of seeing the object before him and the moment of 
applying the brakes.
49.* Total stopping time = thinking time + stopping time.
51.* Total stopping distance = thinking distance + stopping 
distance.
53. Uniform acceleration of a moving body moves on an inclined 
plane, determined by using the formula:
54. In the absence of air resistance, all bodies whether light or
heavy fall at exactly the same rate.
55. Gravitational acceleration (g) can be calculated by the
f o m u l  a:
56. All uniform acceleration motion formulae can be used here one 
substitutes Ta f for 1 g*.
IV. Force and Mass
57. Forces are of different kinds such as muscular, magnetic, 
electrostatic ... etc.
58.
59.
60.
*
6 0 " .
*
60 m . 
61.
*
61!.
62.
63.
64.
*
Forces are of different types such as pressing, pulling, 
pushing, attracting ... etc.
•*>
The force is any effect on the object which results in a 
change of shape, speed and/or direction of motion.
Inertia means that if a still body which is not affected by 
an external force, the body will remain still.
Aristotle said: "A body moving on a flat surface will stop
moving unless it is continuously affected by the force which 
causes this continuous movement".
Galileo said: "Does a body, which moves on a horizontal
plane, need to be supplied continuously with a force to 
keep moving continuously?"
Moving bodies affected by friction and air resistance which 
cause decrease in their speeds.
Newton1 s first law of motion: "A motionless body remains
still and the moving body keeps on moving at a constant 
speed in a straight line unless it is affected by an 
external force which causes it to change its state."
Some applications for the inertia.
When constant force is exerted on a body, it will move at a 
constant acceleration.
The acceleration of a moving body is proportional with the 
exerted force, when the mass is constant.
The acceleration of a moving body is inversely proportional to 
its mass, when the exerted force is constant.
The mass of an object gives an idea of the amount of substance 
(or number of atoms) contained in the object.
65. The relation between the object’s mass (m) and its 
acceleration (a) which result from an exerted force (F) is 
written as follows:
F ~ am
66. Newton1s second law of motion: "The acceleration of a moving 
object is proportional to force exerted on it and inversely 
proportional to its mass".
67.* An object’ s mass is measured in Kg (Ton = 1000 Kg, grm = 'jT^Q •
70.* Force measur-s by newton (N), KN = 1000N.
• * # * •
73. The newton is a force which, if applied on an object whose mass
. . 2
is lKg produces in it an acceleration of lm/s .
72. The kilogram is a unit mass which is equal to mass of the 
International Prototype Kilogram.
ft ■ ,
76. The weight of an object is the gravitational force experienced 
by a given mass.
77. Object’s weight - object’s mass x gravitational acceleration.
»jSj  ^  ^ ^
78. Applications for discriminating between mass and weight.
74. Solving problems on NewTton’s second law of motion and connect 
it with laws of motion.
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THE FLOW CHART
THE FLOW-CHART
"Speed Concept"
Teaching
Foint No.
Identifying Frames
1 
2
3 
3 T
4
5
6 ~
7
8 
9
10 
11 
12
13
14
15
16
17
18
19
20
(l-l) + (2-l) + (3-l) + (3T-l) + (4-l) + (5-l) + (79-l)
(6-1)+ (7-1)+ (8-1)+ (9-1)+ (10-1)+ (80-1)
(11-1) +(12-1) +(13-1) +(14-1) +(15-1) +(16-1)+(81-1)
(17-1)+(18-1)+(19-1)+(20-1)+159-1 + 60-1 + 78-1
21-1
21-1 35-1
+ (22-1)+(23-1) + (24-1) +(27-1)+(29-1) +(30-1) +(33-1) + 1 35-1 
+(25-1)+(26-1)+(28-1)+(31-1)+(32-1)+(34-1)
(36-1)+(37-1)+(37f-l)+(38-1)+(39-1)+(40-1)+(41-1)
(42-1)+(43-1)+(44-1)+(45-1)+(46-1)+(47-1)+(48-1)
(49-1)+(50-1)+(51-1)+(52-1)+(82-1)+(83-1)+(84-1)
(85-l)+(86-l)
(53-1)+(53*-l)+(53"-l)+(54-1)+(55-1)+(56-1)+(57-1)
(68-1)+(72-l)+(77-l)+(87-1)
(88-1)+ 59-1
experimental lesson (No. 1)
(61-1)+(62-1)+(63-1)+(64-1)+(65-1)+(66-1)+(67-1)
(69-1)+(70-1)+(71-1)+(73-1)+(74-1)+(75-1)+(76-1)
(89-1)+(90-1)+(115-1)+(115f-l)+(116-1)+(125-1)+(126-1)
60-1
(127-1)+(128-1)+(129-1)+(130-1)+(131-1)+(132-1)+(133-1) 78-1 
(134-1)+(135-1)+(136-1)+(137-1)+(138-1)+(139-1)+(140-1)
(91-1)+(92-1) +(93-1) +(94-1) +(95-1) +(96-1)+ |l00-l| + 101-1
(105-1)+(106-1)+(107-1)+(108-1)+(109-1)+(110-1) +(111-1) +(113-1)
(97-1)+ (98-1)+ (99-1)+ (102-1)+ (103-1)+ (112-1)+ 100—1| + 1101-1 +(114-1) 
experimental lesson (nO. 2)
(117-1)+(118-1)+(119-1)+(120-1)+(121-1)+(122-1)+(123-1)+(124-1)
THE FLOW CHART
“Velocity Concept"
Teaching 
Point No,
Identifying Frames
(1-2)+(22-2)+(33-2)+ -3> 39-2
(2-2)+(23-2)+(30-2)+(34-2)+ 39-2
28-2
28-2
3-2
3-2
+ (5-2) + (6-2) + (41-2)+ [14-2+15-2+16-2+17-2+18-2+19-2+40-2+12-2+13-2
+(4-2)+(42-2) 14-2+15-2+16-2+17-2+18-2+19-2+40-2
------11 1 i_____ i i_____ t i_____ i i_____ i i______
(7-2)+(8-2)+(9-2)+(10-2)+(11-2)+■
+(45-2)+(46-2)+----
+(47-2)+(48-2)+----
12-2+ 13-2
20-2 + 21-2
20-2 + 21-2
44— 2
44-2
(25-2)+(26-2)+(31-2)+(32-2)+(36-2)+[27-2 
(38-2)+(43-2)+(49-2)+(50-2)
(24-2) + (35-2) + (37-2) + (51-2) + -------- 127-2
44-2 29-2
^  29-2
28-2
28-2
THE FLOW CHART
"Acceleration Concept"
Teaching
Point No.
30
31
32
33
34
35
36
37
38
39 *
40 *
41
42
43
44
45
46
47
50 *
52 *
48 *
49 *
51 *
53
54
55
56
Identifying Frames
1-3 + 2-3
1-3 + 1 2-3
+ (3-3) + (4-3) + (7-3) + (9-3) + (20-3)+ fl42-3
+(5-3)+(6-3)+(8-3)+(10-3)+(104-3)+ 142-3
(ll-3)+(21-3)+(22-3)+(141-3)
12-3
12-3
+(67-3)+(103-3)+(106-3)+ 49-3
+(17-3)+(68-3)+(69-3)+ 49-3
50-3
50-3
143-3
143-3
+ 16-3
(13-3)+(14-3)+(15-3)+(37-3)+(144-3)
+(107-3) 
— + 16-3
(18-3)+ (25-3) + (26-3) + (29-3) + (30-3) + (34-3)+ (42-3)+ [145-3+35-3+26-3 
(19-3)+(36-3)+(44-3)+(45-3)+(46-3)+ -------- 145-3+35-3
(23-3)+(24-3)+(31-3)+(32-3)+(33-3)+(38-3)+(39-3)+(40-3)+(41-3) 
(63-3)+(64-3)+(65-3)+(66-3)+(151-3)+(163-3)+(165-3)
(53-3) + (55-3) + (148-3) +  -------------------- :----- 57-3
(27-3)+(58-3)+(59-3)+(60-3)+(147-3)+ 57-3
57-3(43-3)+(47-3)+(48-3)+(54-3)+(56-3)+(150-3)+
(51-3)+(52-3)+(61-3)+(62-3)+(146-3)+(149-3) 
experimental lesson (No. 3)
(70-3)+(71-3)+(72-3)+(73-3)+(152-3)
(74-3)+(75-3)+(105-3)+(153-3)
(76-3)+(77-3)+ (78-3)+(79-3)+ (80-3)+ (81-3)+ (82-3)+ (83-3) 
(84-3)+(85-3)+(86-3)+(87-3)+(88-3)+(89-3)+(154-3)+(155-3) 
(90-3)+(91-3)+(159-3)+(164-3)+
(92-3)+
28-3
102-3
93-3
(95-3)+ 93-3
94 T-3
9 4 T-3
(94-3)+(158-3)+94T-3
102-3
156-3
156-3
166-3
(96-3)+(98-3)+(100-3)+(101-3)+ 166-3
+ 97-3 + 99-3
+ 97-3 + 99-3
+ 97-3 + 99-3
+ 97-3 + 99-3
+ 97-3 + 99-3
experimental lesson (No.4)or(No.5) + (108-3) + (109-3) + (110-3) + (lll~3) +
(160-3)
(112-3)+ (113-3)+ (114-3)+ (115-3)+*(116-3)+ (117-3)+ (119-3)+ (120-3) 
experimental lesson (No, 6)+(118-3)
(121-3)+(122-3)+(123-3)+(124-3)+(125-3)+(161-3)+(162-3)+(167-3)
applications (126-3)— *»-( 140-3)
THE FLOW-CHART 
’’Force and Mass”
Teaching
Point No,
57
58
59
60 
60’ * 
60" * 
60’” * 
61 
61’ * 
62
63
64
6 4 ’ *
65
66
67 * 
70 *
73 * 
72 *
76 *
77 *
78 *
74 *
Identifying Frames
(1-4)+(2-4)+(4-4)+(5-4)+(6-4)*(7-4)+(8-4)+(9-4)+|153-4
(10-4) + (11-4) + (12-4) + (13-4) + (14-4) + ----------- ^
(15-4) + (50-4) + (51-4) + — --------------   —
153-4
153-4
(16-4)+(17-4)+(18-4)+(19-4)+(42-4)+(43-4)+(44-4)+(154-4)
(20-4)+(21-4)+(22-4)+(23-4)+(24-4)+(25-4)+(45-4)
(26-4)+(27-4)+(28-4)+(29-4)+(30-4)+(31-4)+(32-4)+(33-4)
(34-4)+(35-4)+(36-4)+(37-4)+(38-4)+(39-4)+(40-4)+(41-4)
(46-4)+(47-4)+(48-4)+(49-4)+(62-4)+(63-4)+(64-4)+(65-4)+(155-4)
(52-4)+ (53-4)+ (54-4)+ (55-4)+ (56-4)+ (57-4)+ (58-4)+ (59-4)+ (60-4)+ (61-4) 
experimental lesson (No. 7)
(66-4)+(67-4)+(68-4)+(69-4)+(70-4)+(71-4)+(72-4)+ 
experimental lesson (No. 8)
156-4
( 7 3 - 4 )  + ( 7 4 - 4 )  + ( 7 5 - 4 )  + ( 7 6 - 4 )  + ( 7 7 - 4 )  + ( 7 8 - 4 )  + ( 8 5 - 4 )  + 11 5 6 - 4  
experimental lesson (No. 9 )
( 7 9 - 4 ) + ( 8 0 - 4 ) + ( 8 1 - 4 ) + ( 8 2 - 4 ) + ( 8 3 - 4 ) + ( 8 4 - 4 ) + ( 1 5 7 - 4 )
( 8 6 - 4 ) +  ( 8 7 - 4 ) +  ( 8 8 - 4 ) +  ( 8 9 - 4 ) +  ( 9 0 - 4 ) +  ( 9 1 - 4 ) +  ( 9 2 - 4 ) +  ( 1 0 4 - 4 ) +  ( 1 3 9 - 4 )  + ( 1 5 9 - 4  
( 9 3 - 4 ) + ( 9 4 - 4 ) + ( 9 8 - 4 ) + ( 9 9 - 4 ) + ( 1 0 0 - 4 ) + ( 1 0 3 - 4 ) + ( 1 5 8 - 4 )
( 9 5 - 4 ) + ( 1 0 2 - 4 ) + ( 1 0 8 - 4 ) + ( 1 0 5 - 4 ) + ( 1 0 6 - 4 ) + ( 1 6 0 - 4 )
+ ( 1 0 7 - 4 ) + ( 1 0 7 ’ - 4 ) + ( 1 6 1 - 4 )
+ ( 9 6 ’ - 4 ) + ( 1 0 1 - 4 ) + ( 1 6 2 - 4 )
96-4
96-4
(97-4)+(97’-4)+(164-4)
(109-4)+ (109’-4)+ (110-4)+ (116-4)+ (119-4)+ (120-4)+ (121-4)+ (165-4)
(111-4)+ (112-4)+ (113-4)+ (114-4)+ (115-4)+ (117-4)+ (118-4) + (166-4)+ (167-4)
(122-4)— -(138-4)
(139-4)— (152-4)+ (168-4)— ^*(200-4)
APPENDIX ’K ’
TEACHER’S GUIDE BOOK FOR THE 
DISCUSSION METHOD
UNIVERSITY OF SURREY
I.E.T.
1 9 7 6 - 1 9 7 7
GUIDE TEACHER BOOK TO THE DISCUSSION METHOD 
IN TEACHING PHYSICS FOR THE FIRST CLASSES IN 
KUWAIT SECONDARY SCHOOLS
Prepared by: 
Misbah M. HAJ-ISSA
Revised by:
Professor Fathy El-Dib Mohammed J. El-Meer
CONTENT
Page
1. Introduction 112x
2. What is meant by the discussion method 113x
3. The importance of the discussion method 114x
4. Number in the discussion group 116x
5. Seating arrangements for the discussion group 116x
6. When should the discussion method be used 117x
7. Recording the discussion sessions 118x
8. Experimentation with the discussion method 120x
9. Suggested steps for teaching physics, using the 
discussion method:
a. presentation for the discussion session
b. points that are taken into consideration during 
the discussion session:
1. verbal example
2. experimental example
c. evaluation of the outcome of the discussion session
10. Some main points suggested for attention, when using 
the discussion method 148x
11. Conclusion 151x
12 lx
122x
126x
144x
12. References (Volume 1)
1. INTRODUCTION:
During the use of the physics curricula developed in Kuwait, (in 
1974/1975), it was observed that a great number of pupils in the 
first secondary school had difficulties in assimilating some of 
the concepts contained in the physics curricula. In an attempt to 
arrive at reasons for such difficulties, a study was initiated to, 
firstly get some idea of pupils developmental levels and secondly 
to study the effect on these levels of using various teaching methods.
One method, which has been used successfully in many studies, is 
the discussion method. Such a technique has proved its effective­
ness in giving the pupil an approved opportunity to actually 
participate as it seems to think and recognise relationships 
between relations. Although based on the premise that human 
beings learn by listening, talking and the application of ideas, 
this part of the study is not concerned with the effect of each 
of these, but rather with creating a suitable environment for 
the pupils so that they can positively participate in educational 
sessions; these sessions will be set up based on a dialogue 
between the members of the discussion group. The effect of 
this on the pupil?s understanding to a number of concepts in 
physics, can then be assessed.
When using the discussion method in teaching physics, we would 
expect to run up against difficulties initially. However, by 
encouraging the pupil, accepting and analysing any viewpoint he 
may introduce, these difficulties can be minimised. It is perhaps 
worth pointing out to the pupil that it is not wrong to give unclear 
or illogical explanations, but what is not acceptable is the 
situation when an individual does not put any effort in thinking 
about a problem under group consideration. Our role, therefore,
as educationalists, is in clarifying the ideas produced about the 
physics problems using appropriate scientific methods by which the 
pupil can distinguish between right and wrong in a convincing way. 
This is better than simply presenting the concept of ideas as this 
would often lead to the pupil not appreciating its worth on 
relevance.
2. WHAT IS MEANT BY THE DISCUSSION METHOD:
The method we are proposing to use here in teaching some of the 
concepts existing in physics is the discussion method. Clearly 
the word discussion is not new or unfamiliar as it is often used 
in many fields of our life. Members of a family, for example, may 
discuss when to spend their holiday and choose a place which 
would both meet their wishes and be within their budget. It is 
through this free discussion that the wishes are. known and the 
budget is put and finally a decision is taken.
As a second example, staff members in a school may discuss proposals 
put forward by the Headmaster in order to adopt a certain 
procedure throughout the academic year. These proposals may appear 
reasonable to some members, then by free discussion between all 
staff members, points and ideas become clearer. If the Headmaster 
believes in democracy, then the proposals may be adopted, 
modified or rejected according to circumstances, as a result of 
these discussions.
In some cases the discussion method is confused with the ’’Questions 
and Answers” method. "The latter is used sometimes by the teacher 
in an effort to measure to what extent the pupils are familiar 
with certain aspects of the subject being taught" (Tantawi and 
Bostan, 1976, 106). Alternatively, it could be used to link 
two successive lessons or as a way to get the pupil’s attention
(Barnes, 1976, 173). The meaning used here is that the discussion 
method is a dialogue between a group of people in which ideas 
and thoughts are exchanged, resulting in a strong interaction 
which will eventually lead to understanding the subject under 
study (El-Dib, 1974, 165).
a
3. THE IMPORTANCE OF THE DISCUSSED METHOD:
Over the past ten years, the discussion method has received 
considerable attention (Abercrombie, 1975, 1), especially in 
teaching science, although there is some belief that such a method 
is only suitable for teaching social sciences such as sociology and 
history, many researches have shown not only its effectiveness in 
teaching scientific concepts (El-Dib, 1974, 168), but also its 
superiority over other teaching methods when considering the 
amount of information that is being assimilated; the development 
of mental skills; problem solving, the development of creativity, 
and the capability to hold positive attitudes towards both
individuals and society in general' (Wellington and Wellington, 1960, 136),
(Gutzmer and Hill, 1973, 7). Overall then "the discussion holds the
greatest promise for the development of intellectual abilities
and skills on the part of the students" (Bloom, 1953, 169). Ndlson
and Abraham state that "If Piaget's theory of intellectual
development and its extrapolation to classroom discussion is
correct, and if learning theory is correct, the development
of inquiry skills such as observing, inferring, verifying, etc.
might be enhanced by teachers promoting discussions involving
questions which encourage students to verbalise observations,
inferences and verifications rather than by telling students"
(Nelson and Abraham, 1976, 14). This is supported by Piaget's 
state: "When I say active; I mean it in two senses. One is
acting on metrical things. But the other means doing things in
social collaboration, in a group effort. This leads to a critical 
frame of mind, where children must communicate with each other. 
This is an essential factor in intellectual development”
(Piaget, 1964a, 4). Also Flavell (1963, 367) emphasis the
importance of group work in the classroom. Moreover, Abercrombie 
has pointed out that in the opinion of her university students, 
that the discussion method gives plenty of time for those who 
wish to speak; makes them think; justify themselves clearly; 
understand what people say and enabled them to talk in front of 
crowds or listen to speakers (Abercrombie, 1974, 156).
It seems, therefore, that many educators especially in the U.K. 
and U.S.A. are very confident about the discussion method (as a 
method which contributes towards the development of mental skills 
and self-estimation) and the lead to recommending its use in the 
implementation of some modern curricula such as PSSC and Nuffield. 
Following from the above, some of the advantages of the discussion 
method are seen to be as follows:
1. Trains the pupil to express himself in a clear and correct 
language.
2. Trains the pupil to think logically and understand the 
relationships between ideas.
3. Makes the pupil respect and listen to the ideas of others.
4. Teachers the pupil "speaking manners" in that he does 
not speak without permission and until the current 
speaker has finished.
5. Presents the member of the discussion group with many 
different experiences and ways of thinking; which should
lead to a broader culture and a better mind.
*»
6. Creates in the pupil a positive attitude towards learning 
as a result of his active participation.
4. NUMBERS IN A  DISCUSSION GROUP:
Several studies have been reported regarding the optimum number of 
participants in a discussion group. So that every member of the 
group is given the chance and time to speak and discuss with others. 
It was found, however, that this number depends on the type of 
subject being studied and on the general circumstances in which 
the discussion is held. The number is thus not generally agreed 
upon (Klein, 1969, 10 - 11).
Nevertheless, it is strongly believed by the author that the using 
of the discussion method in a small group is advantageous. The 
shortage of science teachers in general, and physics teachers 
in particular, would seem to prelude this. Consequently the 
method is going to be applied to a complete class (which comprises 
30 pupils).
5. SEATING ARRANGEMENTS OF THE DISCUSSION GROUP:
The Instructor
The organisation of seats for 
the discussion group member is 
very important. It is necessary 
to have each member of the group 
facing the other members. One of 
the best ways to achieve this is to 
arrange the seats in a circular form 
(Abercrombie, 1974, 81).
oo
oo Pupils D O
6. WHEN SHOULD THE DISCUSSION METHOD BE USED:
When using the discussion method in teaching, care should be taken 
in choosing the appropriate points in the curricula about which is 
worth stimulating discussion, as seen by the instructor. Other 
techniques may be used to complement the method, so that an 
integrated picture is presented to the pupil.
The following are some of the important ideas that could be used 
in discussion:
1. Clarifying what is meant by the speed of a moving body.
2. The distinction between: constant speed, variable speed, 
instant speed, average speed, mean speed and when each of 
these are used.
3. Graphical representation of quantities.
4. Distinction between speed and velocity.
5. Clarification of what is meant by the acceleration of a 
moving body.
6. Distinction between the velocity and the acceleration of 
a moving body. .
7. If a ball (or a carriage) is moving on an inclined plane; 
how it is possible to calculate average speed and 
consequently acceleration by using:
(a) timer ticker and time tape.
(b) stroboscope and camera.
8. Calculation of the acceleration due to gravity by 
letting a metal ball fall freely.
9. Distinction between the weight and mass of a body.
7. RECORDING THE' DISCUSSION SESSIONS:
The objectives in recording the discussion between the group 
members are to:
(a) studying and analyse the nature of the verbal relationship 
between the members,
(b) arrive at a relationship between the interaction and 
achievement of the pupils.
(c) improve the educational strategies used by the teacher,
(d) get all the data on verbal interaction between members of 
discussion groups in all the experimental schools, which 
we cannot get from direct observations.
In order to obtain the task results from recording, it is hoped 
that the following instructions will be observed:-
1. Explain to the pupils the objectives in recording the 
discussion sessions.
2. Make sure that all pupils have got badges bearing their 
first names. If these are identical first names, the 
surname should be added.
3. The objective of having the pupils names on badges is to 
refer to them by name when they speak, so that the track of 
the discussion can be analysed from the recording, as well 
as creating a supportive working environment.
4. Make sure that the recording equipment works and that 
there is enough blank tape to record the session.
5. State the date and the class identification on the cover's 
tape.
6. Make sure that all necessary tools and equipment are 
ready for use.
7. At the beginning of the session, press the recording 
button and start, as soon as convenient, by presenting 
the problem to be discussed.
8. At the end of time allocated for the session, press the 
stop button of the recorder.
9. The tape could then be removed and kept in a safe place.
During similar discussion sessions, has been found that the using 
of recorders has very complex effects. Some pupils refuse to speak 
and some tend to speak more often than usual while others speak 
normally as if the recorders were not present (Abercrombie, 1974, 
83). It is hoped that the teacher would note his observations on 
the effect of recording on his pupils.
8. EXPERIMENTATION IN THE DISCUSSION METHOD:
Recent trends in teaching science give special attention to 
experimentation and practical studies by the students. Basically, 
there are two reasons for this: firstly, practical sessions are
considered to be one of the means to acquire direct experiences in 
the field of science which is of importance in the learning of 
science concepts. The second reason is linked with the principle 
of learning through application. In this case the activeness and 
the positiveness of involvement of the learner is more likely to 
occur and consequently learning becomes more meaningful (El-Dib, 
1974, 189).
Due to equipment shortage in our secondary schools at present, it 
is difficult to allow for individual experiments by pupils. Most 
experiments will therefore be demonstrated to the pupils. To 
ensure maximum return on these demonstrations, it is preferable that 
all equipment and necessary tools are thoroughly tested before the 
discussion session, allowing enough time for modifications if 
required. It is also suggested that the problem which is to be 
verified practically is discussed briefly before the practical 
session with all necessary equipment and tools placed clearly 
for the pupils to see near the teacher's table. Once the group has 
decided on the necessary steps needed to solve the proposed problem, 
one or more pupils can be chosen to try to get the solution, giving 
other pupils a chance during this period to ask questions directly 
of the pupil doing the demonstrations. Since it is important for 
all the equipment and tools to be seen clearly, it is advantageous 
to use large sized equipment. Also, there should not be other 
equipment that will not be used on the demonstration table.
In some cases, even though an experiment is well planned and 
all equipment is well tested, there are bound to be some snags 
due, perhaps to breakage or bad connections. It is important here,
that the teacher gives every assistance he can to the pupil to 
enable him to find "the reasons for the breakdown of the experiment 
by use of discussion using observation, explanation and conclusion 
and in applying scientific experiments in testing for the reason 
for the breakdown (Jenkins and Whitfield, 1974, 82).
One point, which has generated interest, in many researches, is 
the approach taken to arrive at a certain conclusion and at 
abstract generalisations. Is it better to experiment and study 
practically and then conclude and generalise or should the 
generalisation be presented first and then verified practically?
Most recent educational trends seem to emphasise the importance 
of presenting experimentation and practical studies before 
generalised abstract theory. This has been pointed out by Piaget 
which discuss its importance in building those concepts (Piaget, 
1964, 177), (McNally, 1974, 136), in that it assists the learner 
in assimilating abstract generalisation in a relatively easy 
way (Renner and Lawson, 1973, 166).
9. SUGGESTED STEPS FOR TEACHING PHYSICS USING THE DISCUSSION 
METHOD:
It is very difficult to present a set procedure that can be 
followed by teachers in teaching the physics curricula by use 
of the discussion method. The steps taken may vary depending on 
the circumstances or on the differing educational objectives 
of teachers and pupils (Abercrombie, 1975, 39). It is 
suggested, however, that the steps taken can be classified under 
three main headings:
(a) Preparation for the discussion session.
(b) Points that are taken for granted during the session.
(c) Evaluation of the returns obtained from the session.
(a) Preparation for the discussion session;
The following steps should be observed:
1. The choice of an appropriate problem from the curriculum.
This should both be challenging and at a level suitable 
for the pupils and create some kind of competition
between them (Hayson and Sutton, 1974, 69), provided that the
equipment necessary is available and the time and place 
are suitable (Hudgins, 1966, 7).
2. Deciding on an appropriate style so that the material is 
presented naturally.
3. Preparing a set of questions that are simple, sequential 
and related to teaching aims. The types of questions used 
should not have the answers implicit in them, but rather 
be those which encourage thinking, questioning and 
curiousity (Tantawi and Bostan, 1976, 108). The questions 
should also be suitable for different pupils attainment 
levels.
4. Preparation and testing of all necessary tools and equipment.
5, Preparation of homework to be given to the pupils, which 
could be a set of questions to be answered, writing an 
essay, reading from a textbook or preparing some drawings.
The objective of such homework is to make the pupils mentally 
ready for the discussion method following.
6. Keeping enough pieces of paper, a box of pins and a thick 
pen, ready for writing the pupils names, so that they can 
wear them on their chests during the discussion session.
Example: Suppose the probldm to be presented in the discussion
method (from the curriculum) is "identifying the concept of speed 
of a moving body". Such a problem will lead to the identification 
of units of speed and types of speed. We may also need to perform 
certain calculations. Let us examine the following objectives:
1. Define the speed of a moving body.
2. State the units of measurements for speed.
3. Numerate and define the types of speed for linear motion.
4. Compute the average speed of a moving body.
In order to make the pupils identify the concept, the style of 
presentation has to be thought of in advance together with any 
steps expected to be followed, so that all the teaching points 
derived from the objectives are included. The discussion session 
may begin by making a toy car move in front of the pupils, or 
making two cars move together each having different speed; 
alternatively the teacher may talk about racing cars as an 
example; show an appropriately chosen film; present some 
illustrations on the blackboard. Having done this, a suitable
question may then be asked in a way that is challenging and 
stimulating so that the pupils are pushed to compete and think 
constructively. Since what is meant by speed, at this level, 
is the distance covered in a unit of time, understanding the 
concepts of distance and time are very important in assimilating 
the speed concept.- The homework may therefore be reading 
information at a proper level, about the concepts of distance and 
time. An alternative homework may involve setting questions for 
the pupils to answer, such as:
1. What does the measuring of time depends on?
2. What is meant by periodic motion?
3. What is periodic time?
4. What do we mean by the frequency of a vibrating body?
5. State two pieces- of equipment that can be used in measuring 
very small periods of time and those used in every day life.
6. What is the difference between solar day, sidereal day 
and average solar day?
7. What is the relationship between the day, hour, minute 
and second?
8. Name the measuring unit of time.
9. Name the principle on which the most modern type of
watch works.
10. Which equipment of that which you have used, do you prefer 
for measuring time in every day life.
11. What do we mean by the distance covered by a moving body?
* '
12. What are the units used for measuring distance?
13. What do we mean by the displacement of a moving body?
14. What are the units used for measuring displacement?
15. What is the difference between distance and displacement?
16. When are distance and displacement equal?
17. What is the difference between scalar quantities and vector 
quantities?
18. If a car covers respectively the following distances every 
second: 10, 20, 16, 18, 22, 22 metres; illustrate graphically 
the relationship between the distance covered and the 
needed time to cover it. (The pupil, here, should be able
to use graphs in illustrating quantities, otherwise the 
teacher should explain this).
If seen to be appropriate by the teacher, the questions above 
could be modified. What is important here is to make the pupils 
assimilate fully the concepts of distance and time in order to 
get a better chance of assimilating the concept of speed, which 
would be the topic of the subsequent discussion session. In 
addition it is very important to test the condition of all tools 
and equipment (including recording equipment) to be used in 
the practical discussion session.
(b) Points that are taken into consideration during the 
discussion session:
In order for the discussion between the members of the group 
to be successful and to achieve.the desired objectives, we 
should ensure that a suitable environment is available in the 
classroom. Since the teacher is the leader of the group, he 
must, through his knowledge of the pupils and experience, create 
such an environment. Cutzmer and Hill (1973, 9-10) consider that 
a good group is charcterised by the following:-
"*The warm, accepting, non-threatening member provides 
the proper climate.
*Learning is cooperate, not competitive, the learner, 
not the learned, is the good group member.
*Purpose of the group: learning.
^Everyone shares leadership functions. Good group 
operation is everyone’s concern.
*Everyone participates and interacts.
*It should be a pleasant and enjoyable experience.
*Material should be adequately and efficiently covered.
*Group evaluation must be an integral part of the class.
*Coming regularly and prepared is essential” .
So as to achieve this the teacher should:
1. Consider the difference between individual:
The teacher’s behaviour should reflect his acceptance 
that individual differences among the members is natural 
and healthy. -The teacher is not responsible for these 
differences, which could be traced back to many factors 
which are outside the context of this study. Consequently 
the teacher, should expect better performances from some 
pupils than others (Hudgins, 1966, 22).
2. Handling the noisy students:
Although precautions are usually taken to control the 
situation in the classroom, there are bound to be some 
pupils that will try to create disturbance and will produce 
unwanted behaviour. We would like, here, to call on the 
teacher to be especially understanding and helpful to these 
pupils. "We will make a big step forward if, by under­
standing children better, we can undo some of the harm 
we are now doing" (Holt, 1972, 8)’. It is generally 
believed that such pupils suffer from personal problems 
which lead to such behaviour. The assistance, that we 
suggest that should be given, must be preventive and 
arrived at improving the situation (Charles, 1964, 83), 
of course discipline among the group is of great importance 
. to make teaching and learning practicability (El-Dib 
and Omera, 1975, 216).
3. Create a democratic spirit among the members of the 
discussion group:
Once the leader of the group has established a spirit of 
democracy among the members, indifference and agressive 
attitudes are minimised, while at the same time productivity, 
acceptance of the situation and personal development increase. 
Such a type of leader shows his interest and competence in
a variety of ways: attempting to get the best participation 
possible from each member by encouraging shy pupils and 
controlling predominant pupils. He should also approve of 
the pupils helping and learning from each other and he 
should expect to learn personally from them. Since, in 
most cases, the pupils will try to simulate the leaders 
approach and attitudes, basic virtues, such as ease of 
communication, should be clearly presented by the leader. 
Consequently, the members will learn how to work together 
(Niblett, 1965, 113). Democratic leadership, in addition 
of its usefulness in attaining the acceptance and cooperative 
of the group, helps in improving the type of solution 
achieved by the group for the problem (Maier, 1950, 170).
Show good personal behaviour:
The personal behaviour of the teacher, plays an important 
role in promoting of learning among the pupils. The 
teacher should therefore avoid being sarcastic if a pupil 
does not present new ideas or could not present a 
solution. When asked he should also, overlook trivial 
activities provided that they do not impede the work and 
are not harmful to other pupils (Potect, 1974, 45).
Approve all desired behaviour:
Praising and approving any desired behaviour is in itself 
inhibiting of unwanted behaviour. This may be achieved 
in many ways e.g. verbal praise and encouragement to the 
pupil who shows an improvement in his learning and 
displays good conduct (Poteet, 1974, 45). "Unless a 
teacher has a good understanding of the fundamentals of 
human behaviour, he is likely to worsen a difficult
situation instead of improving it" (Lindgren, 1967, 14).
•c
6. Present the problem in clear language and good style;
Clear language which is understood by all pupils in 
the class is very important. Often we find that the main 
obstacle facing the pupil in solving problems is in 
understanding what is required, perhaps due to the 
abstract expressions used, the use of unfamiliar words 
by the teacher or the use of a sentence construction which 
may be complex and does not follow logically. Some 
science; teachers, unfortunately, do not pay enough 
attention to language, for they consider it the 
responsibility of the language teacher. There is the 
question of who is to be responsible for improving the 
language abilitities of science students: the science
teacher or language teacher? It may be argued that the 
answer to this question is, the scienc teacher . . ."he 
is therefore far more likely to be able to select more 
relevant examples for teaching purposes" (Gardner,
1974, 75-76).
7. Give the pupil plenty of chance to talk:
Pupils learn by speaking and listening. It is, therefore, 
necessary to give the learner enough time to talk and 
express his personal viewpoint concerning the problem 
to be solved (Haysom and Sutton, 1974, 68). Initially, it is only 
natural to find the learner unable to present clear, 
logical expresions. "A major task of schools is to foster 
children confidence in the value of language and their 
own ability to use it to extend their understanding 
(Sutton, 1974, 44). "Students must be encouraged to talk 
with each other and their teachers" (Renner and Lawson,
1973, 167). Barnes, states that learning by speaking may
be achieved in a number of subjects, including science 
and mathematics, provided that there exists a problem that 
can be solved by talking (Barnes, 1976, 25). Since 
the discussion metho changes the role of the teacher from 
a main speaker to a listener and a participant in the 
discussion, speaking for long periods by the teacher or 
pupils is not. acceptable (Abercrombie, 1974, 90) .
Organise the discussion among the group:
Before any discussion the teacher should make sure that 
there is a genuine problem fro the pupils, and that they 
feel that it is within their competence (Hayson, 1974, 70). 
Since the teacher?s role in the discussion group is 
mainly that of an advisor and supervisor, (Lawson and 
Renner, 1975, 342), he should estimate the time necessary 
before presenting a prompt or directing the pupils 
indirectly to the solution. Abercrombie pointed out that 
she avoided speaking (what appeared as a comment or 
putting down the speaker) or praising or correcting 
mistakes, unless there were serious errors. She also 
stated that whenever she felt it necessary to interfere, 
she avoided presenting her presonal opinion, but rather 
directed the pupil's attention to incorrect or illogical 
ideas, and left it up to the pupils to arrive at better 
solutions or explanations (Abercrombie, 1974, 91).
The teacher should make the discussion revolve around the 
problem introduced and work hard at assessing and summarising 
what the members of the group say (Bloom, 1953, 168). If 
a pupil arrives at a reasonable solution, the teacher should 
support this by encouraging the pupil who did so and by 
presenting similar problems so that other pupils, with less 
perception, can understand.
Every pupil should ask for permission to speak, be if for 
answering a question or commenting on an answer presented 
by others. This is important so that discipline in the 
group is kept and so the speaker is not interrupted. We 
suggest, here, that the teacher calls the pupil wishing 
to speak by name, so that the way the discussion is 
going can be assessed from the recording. Before 
discussing a different problem, it is necessary that all 
the members of the group feel that the problem discussed 
has been solved correctly. Also, they should have the 
feeling that they have arrived at the solution themselves. 
This is a motivational factor (Maier, 1950, 170).
Train the pupils to consider different solutions:
Some studies have indicated that pupils who are trained to 
solve problems in different ways are able to solve 
problems more quickly. They also do not seem to give up 
easily when trying to solve a novel problem (Ackerman 
and Levin, 1958, 244). From their experience working 
together they are able to introduce a large number of 
possible answers quickly (Klugman, 1944, 99).
Accept the difficulties that may be encountered in the 
early discussion sessions:
Starting the discussion sessions is usually not easy. It 
has been pointed out that the first session is the most 
difficult. Members of the group found themselves unable to 
initiate discussion, but this difficulty gradually 
disappears leading to desirable and successful sessions 
(Herbert, 1961, 261).
The style of presenting a problem to pupils in discussions
Instructors will differ in the style by which they start 
the session. Whatever is the form of the start, the used 
problem must be clearly within the pupil's experience, and 
should be also solvable by them all when each is given 
enough time as dictated by his personal capability. But 
the track of arguments will differ very much from one 
group to another (for any one concept being dealth with). 
This is left for the instructors to arrange according to 
the educational situations which may evolve.
Example; Suppose that the instructor wanted to start the 
argument session with problem No. 16 which was given as 
homework to the pupils. The problem states that; "A 
car moved so that it covers the following distances in 
every second: 10 m, 20 m, 16 m, 18 m, 22 m and 22 m,
respectively. Represent graphically the relation that 
links the distance covered with the time needed to cover 
that distance".
Distance (m)
10:-
Time (sec) 
----- 5 ^
After the instructor has drawn the correct figure on 
the blackboard, he might ask the following questions: 
(It is preferable that the instructor should ask more
than one pupil for any question even though the answer of
©
the first pupil might be correct).
1. What is the value of the distance, the car covered in the 
first second? (10 m) ;
2. What is the distance covered by the car in the second 
second? (20 m)
3. What is the distance covered by the car in the third 
second? (16 m)
4. What is the distance covered by the car in the fourth 
second? (18 m)
5. What is the distance covered by the car in the fifth' 
second? (22 m)
6. What is the distance covered by the car in the sixth 
second? (22 m)
These questions look very easy. The majority or ever 
all the pupils will give the correct answers.
Now comes the turn of another,level of questions;
7. Was the speed of the car in the first second equal of 
1 the speed in the second second? (Answer yes or no)
8. If the answer was that the speed of the car in the first 
second is equal to its speed in the second second, say 
why?
9. If the answer was that the speed of the car in the first 
second is not.equal to its speed in the second second, 
which speed is greater? (The speed in the second second).
10. If the answer was that the speed during the first second 
was greater than the speed during the second second, say 
why?
11. If the answer that the speed in the first second was less 
than the speed in the second second, say why? (Because 
the car covered a greater distance "20 m" in the second 
second than it has covered in the first second "10 m").
After being certain that the students, in general, have 
acquired the speed concept, the instructor may ask the 
following questions (with concentration on the units of 
speed).
12. What is the value of the speed in the first second?
(10 m/sec).
13. What is the value of the speed in the second second?
(20 m/sec).
14. What is the value of the speed in the third second?
(16 m/sec)
15. What is the value of the speed in the fourth second?
(18 m/sec).
16. What is the value of the speed in the fifth second? 
(22 m/sec).
17. What is the value of the speed in the sixth second?
(22 m/sec),
After which, the instructor might ask the following questions:
18. In which second was the speed of the car a minimum?
(In the first second).
19. In which second was the speed of the car a maximum?
(In the fifth and sixth seconds).
20. What is the total distance covered by the car during the 
six seconds? (108 m).
21. If the car covered the distance of 108 m in six seconds, 
what is the average distance covered per second? (18 m/sec).
Here, the instructor might mention that the average distance 
covered per second is called the average speed. He might, 
as well, deduce its relation with the total distance covered 
and the total time required to cover that distance by 
asking the pupils about the possibility of writing the 
relation that links these factors with one another:
total distance covered
Average Speed = ------------ — --------
total time required
Now comes the turn of explaning the meaning of each of 
"variable" and "uniform" speeds, by asking the following 
questions:
22. Between which two seconds was the speed increasing? (1 and
2, 3 and 4, 4 and 5).
23. Between which two seconds was the speed decreasing? (2
and 3). . -
24. Between which two seconds was the speed constant? (5 and 6).
When the value of the speed increased or decreased from one 
time unit to another then we describe the speed of a moving 
object to be “variable", while if the value of the speed 
has remained constant from one time unit to another, we 
describe the speed of that moving object to be "uniform". 
When the unit of time is very small, we described the 
speed in this case as "instantaneous" which is the speed 
that we read on the speedometer of a car in any moment, 
or it is the value of the speed which we calculate for 
a moving object when attached to a ticker timer, between 
two consecutive points on the tape timer when the interval 
of time between two consecutive points on the tape is very 
small (1/50 or 1/100 sec).
In the light of what has preceeded, it would now be the
proper time to deepen the concept of the various kinds
of speed. This can be done by performing the experiment 
on the realisation of the types of speed: the uniform and
variable speeds and their relation with the instantaneous 
speed, by using the ticker timer and the tape paper.
The pupils might be asked to make a graphical representation 
of the speed using the tapes they obtain from the 
experiment. This can be done fixing the tape divisions,
(each of which contains 10 intervening distances for 
example) on a graphical paper (so that the tape pulled 
at the beginning, with an increasing speed, then with 
a uniform speed and at last with an almost decreasing speed).
Supposing that the pupils obtained results similar to the 
one shown in the following figure, they might be supplied 
with the following question:
By using the ruler, measure the distances the tape moved 
during the first, second, . . .  . ., tenth intervals (each 
interval includes 10 intervening distances).
A Distance (cm)
T
8
- r —
9 10
Time (intervals)
It is then possible to proceed to the following series of
questions:
Was',the speed of the tape during the first interval equal 
to its speed in the second interval? (Answer yes or no).
3. If the response was that the two speeds in the first and
second intervals were equal, say why?
4. If the response was that the speeds during the first and
second are not equal, then which speed is larger? (The 
one during the first interval or that during the second?)
5. If the response was that the speed of the tape during
the first interval is larger than that of the second
interval, say why?
6. If the response was that the speed during the first interval,
was less than the speed during the second interval, say
why?
Then proceed to another level of questions.
7. Considering that one interval equal one second, what is
the value of the speed during each of ten seconds:
The pupils attention may be drawn here to the convention 
that value of speed is written together with the corresponding 
standard unit.
The pupils may be asked the following questions:
8. What is the total length of the tape divisions fixed on 
the graph paper?
9. What is the total time needed for the movement of the 
tape divisions?
10. From questions 8 and 9, calculate the value of the average 
speed of the tape (considering that each interval is equal 
to one second).
Then the instructor might ask the following two questions:
11. During which interval was the speed of the tape a minimum?
12. During which interval was the speed of the tape a maximum?
After that the following questions might be asked:
13. Point out the two intervals during which the speed was 
increasing.
14. Point out the two intervals during which the speed was 
decreasing.
15. Point out the two intervals during which the speed was 
constant.
From all what has preceeded wTe might introduce the following 
questions as a general revision:
1. What is the definition of the speed of a moving object?
2. If the unit for measuring time is the second, and that
for measuring distance is the Km, m and cm, what is the
corresponding unit for measuring speed?
What is the definition of increasingly variable speed?
What is the definition of decreasingly variable speed?
What is the definition of variable speed?
What is the definition of uniforn speed?
What is the definition of instantaneous speed?
What is the definition of average speed?
If the following curve was obtained for a moving object 
by using a ticker timer of one stroke/sec frequency:
A  Di
16 . 
14 - 
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a. Calculate the speed during each of the consecutive 
eight seconds.
b, What is the total distance moved by the object during 
these eight seconds?
c. Calculate the average speed of the moving object during 
these eight seconds.
During discussion of those points with the pupils, it 
must be kept in mind that the time proposed for argument 
should cover .the main prescribed points and link every new 
point with what has previously discussed, so that it will 
be integrating with the subject under study and with other 
educational subjects.
If the argument session includes a practical lesson, it is 
here, in the field of laboratory experimental that the minds 
of the students should be prepared for the proposed experiment. 
This may be done by giving them homework, or questions, 
may be in the classroom just before the proposed experiment 
is performed. However, in the latter case, there is fear 
that the preliminary argument might take too long time and 
not the expectable done in remaining time. Thus it is 
preferable that the preparation should be during homework.
If, for instance, we suppose that the subject of the 
experiment proposed for the student is a problem to be 
discussed; subsequently such as the calculation of the 
gravitational acceleration by use of the illuminating 
strobrosccpe and a polaroid camera, it is necessary that 
the pupils should be given a homework which includes the 
following questions:
What is the definition of speed?
What is the definition of the instanteneous speed?
What is the difference between the initial and final
speeds of a moving object.
4. If the following stroboscope photograph was obtained from 
one of the experiments by using an illuminating stroboscope 
whose frequency is 20 flash/sec.
A B C D E Fnon h GTS B
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
a. What is the distance covered by the trolley between the 
following pairs of positions A, B, C, D, E and F respectively?
b. What is the total time which the trolley needed to
move from point A to point F?
c. What is the value of the initial speed of the trolley?
d. What is the value of the final speed of the trolley?
5. Give the relation that we use to calculate the uniform 
acceleration of a moving object.
The instructor might add other questions that help in the 
preparation of his pupils1 minds. The opportunity here for 
the instructor is very important because we believe that 
the background and level differs' from one class to another 
and from school to school.
As to how the problem is presented to the pupils for 
discussion, the styles proposed too are different. The 
instructor might start a session by dropping a ball freely 
and asking for the reasons which made the ball fall. Here 
we might expect to hear from the pupils several different 
answers, from which we choose the one like this: "The
reason why the ball drops to the ground, is that the force 
of gravity which makes any object move with a definite
acceleration, known as the gravitational acceleration, is 
acting. The next question is: "How can this be determined?"
Pupils will introduce different suggestions during their 
presentation and argument. They might suggest that, during 
the measurement of the acceleration of a moving object, 
we generally use the following relation:
V2 “ V1
a -  ------  .
t
where v^ = the initial speed
v^ = the final speed
t = total time required
a = the acceleration of the moving object.
In the case of a free falling object, the gravitational
force (g) is (a) in the relation, might be written as follows
V2 “  V1
g =  ------
t
Here, the instructor might inquire about the steps which 
might be followed practically to determine the gravitional 
force, in order to determine the gravitional force. It is 
necessary to determine v^, v^ and t. But how can they 
be determined?
In order to obtain the values required, it is necessary to 
perform the experiment by dropping the ball (or any suitable 
object) freely and follow its track using the illuminating 
stroboscope and the polaroid camera. Suppose that we 
obtained the following photograph, we might calculate each
cm
of the required factors (the frequency of the stroboscope q -i ©
= 5 flash/sec: ^0-
20 *  20 -  0
= —  = 100 cm/sec 3q -
- 50 40 -
50"
180.- 80 60 -
V    = 500 cm/sec
2 i 70-
5 80 -
1 2 90
t = (3 - 1)- = t  sec , ,
5 5 ioa
substituting the corresponding values in the previous 
equation we find that:
2
= 10 m/sec
An argument might be developed about the value deduced 
if there was an obvious difference between the deduced value 
and the real value known in Kuwait. Try to get pupils to 
think of the reasons that affected the deduced value.
(c) Evaluation of the outcome of the discussion session:
The styles of evaluation of educational matters differ according 
to their nature and the material and method being used. The 
intention of evaluation is to find the extent of achievement 
of declared objectives, by examining the pupils orally, in writing
110-
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or practically conceiving definite teaching points derived from 
the particular objectives. From the examination result we can 
find the teaching points that were completely appreciated and 
those which were not acquired during one session (or sessions) of 
discussion by the majority of the group. Hence the instructor 
might stimulate or approach them whether directly or indirectly 
during a coming session. The material is thus reconsidered from 
one session to another until all the definite teaching points are 
completely covered.
Let us suppose, for instance, that some objectives which the 
concept of speed includes and which we mentioned earlier are 
that the pupil might be able (after one session or sessions) to:
1. Define the speed of a moving object;
2. Mention the standard units of speed;
3. Count and define the kinds of instantaneous speed;
4* Calculate the average speed of a moving object.
Thus we can prepare an examination which includes some questions
which cover these objectives like building up the following questions
First:
1. The speed of a moving object is defined as:
OThe displacement of the moving object is unit time.
OThe change of the speed of a moving object in unit time.
0 T h e  distance covered by a moving object in unit time
OThe rate of time change due to distance.
2. If distance is determined in m and cm, and time in seconds 
then speed is determined in (choose the correct answer 
from each column):
3. A car travelled for (57) minutes and stopped at two traffic 
lights (1.5 minutes each). If the total distance covered 
by the car during this time is 85 Km, then the average speed 
of the car is equal to:
O 58.5 Km/h 
O  55.5 Km/h 
. ©  85 Km/h 
O 60 Km/h
' Second: Answer the following:
4. Define the uniform speed of an object moving in a straight
5, Define the variable speed of an object moving in a straight 
line.
a
©  m/sec
O sec/m
O  cm /sec 
O sec/cm 
€> cm/sec
line.
When speed is called instantaneous speed?
Thus we can prepare any number of questions so that they 
are clearly constructed and apply to the level of the subject 
as taught to pupils.
These are given to the pupils before the end of the discussion 
session with enough , time.
The answers then are corrected and recorded in a table as 
follows:
Std.
No.
Ques. No.--- 1 2 3 4 5 6
Std. Name ^ a b
1 v/ y v/ y y y y
2 */ V i/ X y X X
3 v/ y v/ X y X X
4 X y X y X X
5 y V/ y y y* y X
6 X X y X X X X
7 v/ v/ y X y X X
8 vX v/ y y y y X
9 v/ y y y" y X X
i
;
i _
.
.
.
-
■
— •— —
-
.
i
:
30 ✓ v/ y" y X X
Total of correct 
answers
We see from this table that number of errors in questions 
3, 5 and 6 are relatively great. This shows that the 
discussion session did not fulfill the objectives related 
with questions 3, 5 and 6. Thus more teaching attention must 
be given to the following objectives:
*Calculation of average speed of a moving object 
*Definition of variable speed 
^Definition of instantaneous speed.
Then those questions are given again (or preferably in
some alternative form) in the next te s t......... etc.
Proceeding from one session to another in this manner takes 
place so that most or all the objectives and their teaching 
points are completely covered. If after trying to explain 
the difficulty teaching points, some or all of the pupils 
still misunderstand a few of them, do not worry, because 
those pupils may not have the structures which enable them 
to understand the ideas involved (Piaget, 1964, 180).
Ball and Sayre (1974, 336) has stated that "we, as teachers 
need to diagnose the mental capabilities of our students 
and then prescribe proper learning experiences for the 
development of their minds. Science provides an excellent 
medium for this diagnosis and prescription".
10. SOME MAIN POINTS SUGGESTED FOR CLOSE ATTENTION WHEN USING 
THE DISCUSSION METHOD:
We have come to the end of a presentation of the steps which might 
be followed when using the discussion method. Now try to answer 
the following questions:
Have you realised what we meant by the discussion method?
•0 '
Can and will you prepare a problem for the discussion method 
with your own pupils? (On condition that the problem should 
be soluble by the majority of the group)?
Are you completely convinced of the necessity of previous 
preparation of the necessary instruments and apparatus 
required and that the experiments should be developed in 
enough time beforehand to avoid any failures?
Are the audio-visual aids suggested for use with the group, 
large enough so that all members can clearly see?
Will you give preliminary homework to the discussion session
Will you be sure before starting the session, that all 
pupils have put their badges at their chests?
Will you make sure before starting the session that all 
the necessary instruments and equipment are available 
in the classroom (or in the laboratory)?
Will you explain the aim of recording the discussion 
sessions to your pupils?
Is the problem to be discussed clear and soluble?
Are you prepared to talk in the group for less time than 
you usually do so?
Are you going to present the problem in a loud clear voice?
12. Are you ready to give the pupil ample opportunity to express 
himself for the subject problem you pose?
13. Will you handle some individual pupils in the group, 
particularly those who go beyond the limits of the 
problem under consideration without roughenss, ie. gently 
and quietly? *
14. Will you try to vary your expressions?
15. Are you going to use the "hint" style and furnish the pupils 
with helpful information for a solution in case they fail?
16. Are you going to reinforce the desired behaviour so as to 
defeat the undesired behaviour?
17. Are you going to have the majority of your class pupils
a share in the verbal discussion and in practical experiments?
18. Are you going to use any mistake occurring in the solving 
of a question or a failure of an experiment to find out 
the reason by a reasoned approach?'
19. Will you try to summarise what has been taught and 
combine it with that which is being taught?
20. Are you going to call every pupil by name when ever he 
asks permission to talk?
21. Are you ready to take it easy and not give answers for
the problem until all the group’s individuals present
their ideas and attempts on solving the problem?
22. Are you going to avoid ridiculing a mistaken or misbehaved 
pupil in the discussion group?
23. Are you going to encourage the serious pupil at the appropriate 
time?
24. Are you going to treat the whole group according to a 
fixed standard of behaviour?
25. Are you going to ignore simple casual behaviour in the 
classroom?
26. Are you going to understand the individual differences 
between pupils and consider it as natural?
27. Are you going to find out the circumstances of misbehaving 
pupils?
28. Are you pursuaded of the need to create an atmosphere of 
democracy among the discussion group?
If most of your answers for the previous questions are 
"Yes", that means you are trying to create a suitable 
climate for the discussion group ie. one which helps with 
learning.
11. CONCLUSIONS:
Our aim now is to try this method with our Kuwait pupils. We 
do not know the time we may need to cover all these prescribed 
concepts.
If this method succeeds in helping the pupil acquire some concepts 
of physics, then we can supply each and every level of pupil with 
a suitable number of practical problems that will help them 
learn behavioural attitudes useful to them after completion of the 
discussion group work (Abercrombie, 1974, 97). The purpose 
of this is to succeed in building up behaviour and not only 
success in acquiring information only. "Behaviour modification 
programs might be applied effectively to behavioural styles 
in the classroom which have been shown to influence the develop­
ment of essential academic skills" (McKinney et al, 1975, 203).
END OF THE GUIDE TEACHER BOOK 
TO THE DISCUSSION METHOD
APPENDIX ’L ’
QUESTIONNAIRE 1 : FOR INSTRUCTORS WHO SUPERVISED 
THE PROGRAMMED INSTRUCTION METHOD
U n iv e rs ity  o f  S urrey
I n s t i t u t e  f o r  E d u ca tio n a l Technology
1 97 6 -1977
QUESTIONNAIRE NO. (1)
FOR 
INSTRUCTORS WHO SUPERVISED THE 
PROGRAMMED INSTRUCTION METHOD
PREPARED BY 
MISBAH M. HAJ-ISSA
Name o f  in s t r u c t o r : ..........................................
Name o f  s c h o o l ..........................................
T o ta l years  o f  in s t r u c to r ’ s experience :
In tro d u c t io n  and In s tru c t io n s
The purpose o f  t h is  q u e s tio n n a ire  is  to  ga th e r th e  o p in io n s  th a t  
you have formed as a r e s u l t  o f  yo u r use o f  th e  programmed in s t r u c t io n  
method in  th e  te a c h in g  o f  some concepts o f  phys ics  p re s c r ib e d  f o r  th e  
f i r s t  ye a r in  K u w a iti secondary schoo ls .
We reque s t yo u r cand id  answer in  o rd e r t o  form  an accu ra te  p ic tu re  
o f  th e  s i tu a t io n  th a t  has emerged in  re g a rd  o f :  th e  e f f ic ie n c y  o f  th e
program employed; th e  p u p i ls ’ re a c t io n  to  i t ;  th e  p o s s ib i l i t y  o f  u s in g  
t h is  method in  th e  fu tu re .
T h is  is  n o t a te s t  and th e re  are  no r ig h t  o r  wrong answers. The 
q u e s tio n n a ire  con ta ins  a number o f  s ta tem en ts . We want to  know what is  
yo u r degree o f  agreement (o r  d isagreem ent) w ith  each o f  th e  sta tem ents 
in  th e  q u e s tio n n a ire .
B e fo re  commencing th e  s ta te m en ts , l e t  us p resen t f i r s t  th e  fo l lo w in g  
exam ple :-
Example
Suppose th a t  one sta tem ent in  th e  q u e s tio n n a ire  s ta te s  th e  fo l lo w in g ,  
w ith  th e  degree o f  agreement (and d isagreem ent) a g a in s t i t .
S tudy ing  p h ys ics  is  an en joyab le  
' and e x c i t in g  experience
So, i f  you choose one o f  th e  above degrees o f  agreem ent, shade th e  
c i r c le  below  yo u r chosen answer. For in s ta n c e , i f  yo u r cho ice  is  "A g re e ", 
then  you shade th e  c i r c le  below i t ,  as shown:
So now, us in g  a p e n c i l ,  p lease answer th e  fo llo w in g  s ta te m e n ts :-
A. Statem ent on Programmed 
M a te r ia l (The Programme):
1 . The language employed in  th e  
programme was c le a r . "
2. The p u n c tu a tio n  marks were 
a p p re c ia t iv e ly  used.
3. The o rd e r o f  th e  frames in  
each chap te r was s e q u e n tia l and 
lo g ic a l .
The chap te rs  in  th e  
programmes had a lo g ic a l  and 
s e q u e n tia l in te rc o n n e c tio n .
5. The cho ice  o f  expressions
and s c ie n t i f i c  term s were accura te .
6. I l l u s t r a t i v e  and a p p lie d  
examples were s u f f ic ie n t .
7 . The s tre s s  on new fa c ts  and 
concepts was s u f f ic ie n t .
8. The use o f  h in ts  and prompts 
in  th e  program was a p p ro p ria te  
and s u f f i c ie n t .
9. The p r in t in g  o f  th e  frame 
book o f  th e  programme was 
e x c e l le n t .
10. The p r in t in g  o f  the  diagrams 
book o f  th e  programme was 
e x c e l le n t .
11. The w r i t in g  s ty le  employed 
in  th e  programme was s im p le .
12. The w r i t in g  s ty le  in  th e  
programme was e x c it in g .
13. The le v e l  o f  the  programme 
was commensurate w ith  th e  le v e l  
o f  th e  s tu d e n ts .
lU . The s p e c i f ic  o b je c t iv e s  o f
th e  programme were a c c u ra te ly  
d e fin e d .
Procedures o f  A p p lic a t io n
15. Most p u p ils  s tu d ie d  th e  
programme w ith  g re a tn in t e r e s t .
16. Some p u p ils  s tu d ie d  th e  
programme w ith  g re a t in te r e s t .
17. Most p u p ils  encountered 
language d i f f i c u l t i e s  in  under­
s ta n d in g  some p a r ts  o f  th e  
programme.
18. The programme in s t r u c t io n  
method a ffo rd e d  th e  lo w -a c h ie v in g  
p u p ils  b e t te r  o p p o r tu n ity  f o r  
invo lvem ent than  th e  co n ve n tio n a l 
method.
19. The programmed in s t r u c t io n  
method a ffo rd e d  th e  average p u p ils  
b e t te r  o p p o r tu n ity  f o r  invo lvem ent 
than  th e  co n ve n tio n a l method.
20. The programmed instruction 
method a ffo rd e d  the  g i f t e d  p u p ils  
b e t te r  o p p o r tu n ity  f o r  invo lvem ent 
th a n  th e  co n ve n tio n a l method.
'21. The e f f o r t  expended by the  
in s t r u c to r  in  u s in g  the  
programmed method is  g re a te r  than  
th a t  expended in  the  co n ve n tio n a l 
method.
22. The programmed method re q u ire d  
more tim e  than  th e  co n ve n tio n a l 
te a ch in g  method.
23. The programmed method a llow ed  
th e  p u p ils  more o p p o rtu n ity  f o r  
im p lem enting th e  p r a c t ic a l lessons 
by them selves than  does th e  
co n ve n tio n a l method o f  te a ch in g .
0 0 0 0 0
0 0 0 0 ■ 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 ' 0 0 0 0
~\V
2k. The programmed method has made 
more a llow ance f o r  in d iv id u a l 
d iffe re n c e s  between p u p ils .
25. The p u p ils  encountered 
d i f f i c u l t i e s  in  unders tand ing  some 
frames in  th e  programme.
26. L is t  th e  numbers o f  th e  frames 
n o t understood by th e  p u p ils  
( r e fe r  to  programme).
0 0 0
/  "V
0 0
0 0 0 0 0
C. O pin ions and A tt itu d e s  Formed
27. I t  is  p o s s ib le  to  use 
programmed in s t r u c t io n  in  the  
te a c h in g  o f  phys ics  a t a l l  years 
o f  th e  secondary s tage . O O O O O
28. I t  is  p o s s ib le  to  use 
programmed in s t r u c t io n  w ith  o th e r 
e d u c a tio n a l m a te r ia ls  in  the  
secondary s tage . O O O O O
29. I t  is  p o s s ib le  to  use 
programmed in s t r u c t io n  in  the  
te a c h in g  o f  sc ience a t th e  
in te rm e d ia te  s tage . O O O O O
38. P lease m ention th e  m ajor 
.advantages and disadvantages o f  th e  
programmed in s t r u c t io n  as you have 
observed them in  t h is  experim ent.
Advantages
/ & $ /  -4&
X )  /  .  o ?
/  &
30. Programmed in s t r u c t io n  weakens
th e  human re la t io n s h ip s  between th e  
in s t r u c to r  and h is  p u p ils . O O O O O
31. I t  is  p o s s ib le  t6  use
programmed in s t r u c t io n  in  r u r a l  and
remote a reas , where a s in g le
in s t r u c to r  is  ab le  to  teach  se ve ra l
c lasses o f  d i f f e r e n t . le v e ls
O O / ^ vs im u lta n e o u s ly . O O 0
32. I t  is  p o s s ib le  f o r  house p u p ils
( s e lf - s tu d y  p u p ils )  to  ga in
b e n e f its  from  programmed 
in s t r u c t io n . O O O O 0
33. Programmed in s t r u c t io n  can be
used t o  improve s tudy by th e  
correspondence method. O O O O 0
3^. Programmed in s t r u c t io n  can be
used to  compensate f o r  the
d e f ic ie n c ie s  in  t r a in in g  o f  non­
s p e c ia l is t  in s t r u c to r s . O O O O 0
35* Programmed in s t r u c t io n  can h e lp
th e  p u p i l  who has m issed some 
c lasses to  ca tch  up. O O O O 0
36. Do you agree to  use s im ila r
programmes in  th e  te a ch in g  o f  
o th e r  phys ics  to p ic s ? O O O O 0
37• Do you agree to  le a rn  how to
design an in s t r u c t io n a l  programme 
l i k e  th a t  used in  t h is  experiment? O O O O 0
Disadvantages
38. cont.
39. M ention th e  m a jo r d i f f i c u l t i e s  th a t  you faced  d u r in g  th e  use o f  th e  
programmed in s t r u c t io n  method.
i»0. Any suggestions o r  comments concern ing  t h is  method?
End o f  th e  Q u e s tio n n a ire
APPENDIX ’M’
QUESTIONNAIRE 2 : FOR PUPILS WHO STUDIED BY 
THE PROGRAMMED INSTRUCTION METHOD
U n5.vers ity  o f  S urrey
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QUESTIONNAIRE NO. (2)
FOR 
PUPILS WHO STUDIED BY THE 
PROGRAMMED INSTRUCTION METHOD
PREPARED BY 
MISBAH M. HAJ-ISSA
Name o f  p u p i l : . 
Name o f  schoo l: 
C la s s : . . . . . . . . .
In tro d u c t io n  and In s tru c t io n s
The aim o f  t h is  q u e s tio n n a ire  is  to  le a rn  th e  o p in io n s  th a t  you have 
formed as a r e s u l t  o f  you r s tudy o f  some o f  th e  p re s c r ib e d  concepts o f  
phys ics  by programmed in s t r u c t io n .  Because o f  th e  g re a t im portance o f  yo u r 
op in ions  f o r  th e  improvement o f  yo u r fu tu re  s tu d ie s , we request th a t  yo u r 
answers be cand id  to  enable us to  fo rm  a t ru e  p ic tu re  o f  what has taken  
p la c e .
Th is  is  n o t a t e s t  and th e re  are  no r ig h t  o r  wrong answers. The 
q u e s tio n n a ire  con ta ins  a number o f  s ta tem en ts . We want t o  know y o u r degree 
o f  agreement (o r  d isagreem ent) o f  each o f  th e  s ta tem ents in  th e  q u e s tio n n a ire .
B e fo re  b e g in n in g , l e t  us f i r s t  lo o k  a t th e  fo llo w in g  example 
Example
Suppose th a t  one statem ent in  th e  q u e s tio n n a ire  s ta te s  th e  fo l lo w in g ,  
w ith  th e  degree o f  agreement (and disagreem ent) a g a in s t i t .
o .<&
*
S tudy ing  phys ics  is  an en joyab le
and e x c it in g  experience . o o o o o
So, i f  you choose one o f  th e  above degrees o f  agreement, shade th e  
c i r c le  below yo u r chosen answer. For in s ta n c e , i f  yo u r cho ice  is  "Agree” , 
then  you shade th e  c i r c le  below i t ,  as shown.
&
o o o o
So now, us in g  a p e n c il ,  t r y  to  answer th e  fo llo w in g  s ta te m e n ts . P lease 
be c e r ta in  th a t  you have understood th e  s ta tem en t b e fo re  answ ering .
1 . Most frames in  th e  programme 
were r e a d i ly  unders tandab le .
2. The language employed in  the  
programme was c le a r . ' '
3. The o rd e r o f  th e  frames in  
each ch a p te r was s e q u e n tia l and 
lo g ic a l .  .
lj-. The chap te rs  in  th e  programme 
had a lo g ic a l  and s e q u e n tia l 
in te rc o n n e c t io n .
5. The p r in t in g  o f  th e  frames 
book o f  th e  programme was 
e x c e lle n t .
6 . The p r in t in g  o f  th e  diagrams 
book o f  th e  programme was 
e x c e lle n t .
7. The i l l u s t r a t i v e  and a p p lie d  
examples were s u f f i c ie n t .
8. The c la ss  tim e  passed q u ic k ly  
and I  d id  n o t fe e l,  bored.
9. I t  i s  n o t p o s s ib le  to  dispense 
w ith  th e  in s t r u c to r  in  the  s tudy 
o f  p hys ics  when u s in g  programmed 
in s t r u c t io n .
10. I t  is  p o s s ib le  to  study and 
understand th e  programme w ith o u t 
th e  ass is ta n ce  o f  th e  in s t r u c to r .
11. The in s t r u c to r  was 
e n th u s ia s t ic  about t h is  method.
12. I  p re fe r  s tu d y in g  th e  
programme o n ly  in  th e  classroom .
13. I  p re fe r  s tu d y in g  th e  
programme o n ly  a t  home.
'lU .  I  p re fe r  s tu d y in g  th e  
programme b o th  in  th e  classroom  
and a t home.
15. I  would p re fe r  to  s tudy 
modem m athematics by t h is  method. 0 O O O O
16. I  would p re fe r  to  s tudy 
a l l  o th e r  su b je c ts  by t h is  method. O O O O O
IT .  I t  i s  p o s s ib le  f o r  house
p u p ils  ( s e lf - s tu d y  p u p ils )  to
g a in  b e n e f its  from  programmed 
in s t r u c t io n . O O O O O
18. Programmed in s t r u c t io n  can be
used to  im prove s tudy  by the  
correspondence method. O O O O O
19. Programmed in s t r u c t io n  can
h e lp  th e  p u p i l  who has m issed 
some c lasses to  ca tch  up. O O O 0 O
20. What was th e  number o f  lessons needed to  complete th e  programme?
In  s c h o o l: .................................  A t home:......... ........................
21. How many t im e s , a p p ro x im a te ly , d id  you ask you r in s t r u c to r  about p o in ts  
you d id  n o t understand? ........................................................... .......................................
22. L is t  the  numbers o f  the  frames in  w h ich you encountered d i f f i c u l t y  in  
und e rs tand ing  ( r e fe r  to  th e  programme you s tu d ie d ) .
23. Give your .comments.and suggestions concerning this method.
2U. G ive the  comments th a t  you have heard from  your fe l lo w  p u p ils  conce rn ing  
. t h is  method.
End o f  th e  Q u es tionn a ire
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QUESTIONNAIRE 3 : FOR INSTRUCTORS WHO EMPLOYED 
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QUESTIONNAIRE NO. (3)
FOR 
INSTRUCTORS WHO EMPLOYED 
THE DISCUSSION METHOD
PREPARED BY 
MISBAH M. HAJ-ISSA
Name o f  in s t r u c to r :  
Name o f  schoo l:
T o ta l years  o f  te a ch in g  expe rience :
The purpose o f  t h is  q u e s tio n n a ire  is  to  ga the r th e  o p in io n s  th a t  you 
have formed as a r e s u l t  o f  you r exam ina tion  o f  th e  te a c h e r 's  gu ide  book 
f o r  th e  d is c u s s io n  method ( in  te a c h in g  some o f  the  p re s c r ib e d  concepts o f  
p h ys ics  t o  th e  p u p ils  in  th e  f i r s t  c la ss  o f  secondary schools in  K u w a it) ,  
and a ls o  as a r e s u l t  o f  you r a ttem pt to  use t h is  method w ith  yo u r p u p ils .
We reque s t th a t  you g iv e  us yo u r cand id  re p lie s  so as t o  h e lp  us form  
an accu ra te  p ic tu re  o f  what happened and what a t t i tu d e s  were fo rm ed , in  
p a r t ic u la r  re g a rd in g : th e  e ffe c tiv e n e s s  o f  t h is  method; th e  re a c t io n  o f
p u p ils  t o  i t ;  th e  p o s s ib i l i t y  o f  u s in g  t h is  method in  th e  fu tu r e ;  th e  v a lu e  
o f  t h is  method in  overcoming some o f  th e  d e f ic ie n c ie s  in  th e  c o n v e n tio n a l 
method o f  phys ics  te a c h in g .
T h is  i s  no t a t e s t  and th e re  are no r ig h t  o r wrong answers. The 
q u e s tio n n a ire  con ta ins  a number o f  s ta tem en ts . We want to  know y o u r degree 
o f  agreement (o r  disagreem ent) w ith  each o f  th e  statem ents in  th e  
q u e s tio n n a ire .
B e fo re  commencing th e  s ta tem en ts , l e t  us p resen t f i r s t  th e  fo l lo w in g  
example
Example
Suppose th a t  one statem ent in  th e  q u e s tio n n a ire  s ta te s  th e  fo l lo w in g ,  
w ith  th e  degree o f  agreement (and d isagreem ent) a g a in s t i t .
S tudy ing  phys ics  is  an en joyab le  
and e x c i t in g  experience o o o o o
So, i f  you choose one o f  th e  above degrees o f  agreem ent, shade th e  c i r c le  
below  yo u r chosen answer. For in s ta n c e , i f  yo u r cho ice  is  "A g ree” , th e n  you 
shade t h e . c i r c le  below i t ,  as shown:
ooo o
So now, us in g  a p e n c il ,  p lease  answer th e  fo llo w in g  s ta te m e n ts :
/  ^  V " / / /  < Q ^ J
A. The Method
1. The use o f  th e  d iscu ss io n  
method he lped  to  in c re a se  th e  
number o f  p u p ils  p a r t ic ip a t in g  in  
th e  d is c u s s io n  compared w ith  th e  
c o n v e n tio n a l method. o o o o o
2. By use o f  th e  d iscu ss io n  
method th e  b u lk  o f  th e  ta lk in g  is  
t ra n s fe r re d  from  th e  te a ch e r to  
th e  p u p ils . o o o o o
3. The use o f  th e  d iscu ss io n  
method enabled most p u p ils  to  
a s s e r t t h e i r  in d iv id u a l i t y . o o o o o
1*. The d is c u s s io n  method he lped 
to  deve lop th e  in t e l le c tu a l  
c a p a b i l i t y  o f  th e  p u p ils . o o o o o
5. The d is c u s s io n  method le d  to  
an improvement in  th e  a b i l i t y  o f  
th e  p u p ils  t o  express them selves 
from  a language s ta n d p o in t. o o o o o
6. The d is c u s s io n  method he lped 
to  t r a in  th e  p u p ils  in  th in k in g  
lo g ic a l ly  and in  d is c o v e rin g  
r e la t io n s . ' o o o o Q
7. The d is c u s s io n  method he lped 
to  t r a in  p u p ils  to  l i s t e n  to  
o th e rs  and to  re s p e c t t h e i r  
o p in io n s . o o o o o
8. The d is c u s s io n  method helped 
to  in c re a se  th e  p a r t ic ip a t io n  o f  
p u p ils  in  d is c u s s io n  d u rin g  c la ss . o o o o o
9. The d is c u s s io n  sessions 
he lped  to  c l a r i f y  some o f  th e  
d i f f i c u l t  p o in ts  as a r e s u l t  o f  
th e  d ia lo g u e  between th e  
in d iv id u a ls  o f  th e  d isc u s s io n  
group. o o o o o
10. I t  is  p o s s ib le  to  have a 
su c c e s s fu l d ia lo g u e  in  a 
d is c u s s io n  group o f  about 30 
members.
11. The d is c u s s io n  method helped 
in  ta k in g  in to  account th e  
in d iv id u a l d if fe re n c e s  between 
th e  p u p ils .
12. For an a p p ro p ria te  c lim a te  
f o r  th e  d is c u s s io n  method an 
atmosphere o f  democracy must be 
c re a te d  w i th in  th e  d is c u s s io n  
group.
13. F o r an a p p ro p ria te  c lim a te  
f o r  th e  d is c u s s io n  method, s im p le  
casua l beh av io u r shou ld  be 
ig n o re d .
1^. For an a p p ro p ria te  c lim a te  
fo r  th e  d is c u s s io n  method i t  is  
necessary t o  know th e  background 
o f  th e  m isbehaving p u p ils .
15• For an a p p ro p ria te  c lim a te  
f o r  th e  d is c u s s io n  method a l l  
members o f  th e  d is c u s s io n  group 
shou ld  be t re a te d  acco rd ing  to  a 
f ix e d  s tandard  o f  beh av io u r.
16. For an a p p ro p ria te  c lim a te  
f o r  th e  d is c u s s io n  method th e  
s e rio u s  p u p i l  shou ld  be g iven  
encouragement a t  th e  a p p ro p ria te  
t im e .
17. For an a p p ro p ria te  c lim a te  
f o r  th e  d is c u s s io n  method one 
shou ld  a v o id  r id ic u l in g  the  
p u p i l  who has com mitted an e r ro r  
in  o p in io n  o r behav iou r w i th in  
th e  d is c u s s io n  group.
18. To h e lp  th e  p u p il  to  express 
h is  o p in io n  he shou ld  be g iven  
ample t im e  to  express h im s e lf  
about th e  problem  under 
d is c u s s io n .
19. For an e f fe c t iv e  and u s e fu l 
d is c u s s io n  th e  in s t r u c to r  should 
avo id  p ro v id in g  a d ir e c t  s o lu t io n  
to  th e  problem  under d is c u s s io n , 
b u t ra th e r  p resen t h in ts  to  h e lp  
th e  p u p ils  to  a r r iv e  a t  th e  
s o lu t io n .
20. The problem  p resen ted  to  th e  
p u p ils  shou ld  be c le a r  and 
commensurate w ith  t h e i r  a tta inm en t 
le v e l .
21. A ss ig n in g  homework to  the  
p u p ils  p r io r  to  th e  d iscu ss io n  
sess ion  prepares t h e i r  minds fo r  
a su c c e s s fu l d is c u s s io n .
22. F o r th e  p u p ils  to  be in v o lv e d  
in  th e  problem  p resen ted  t h e i r  
m inds must be cha llenged .
23. The d is c u s s io n  method is  no t 
s u ita b le  f o r  th e  m a jo r i ty  o f  th e  
p re s c r ib e d  p hys ics  courses.
2b,  The d is c u s s io n  method is  no t 
s u ita b le  in  v iew  o f  th e  tim e  
a l lo c a te d  fo r  each s u b je c t.
25. The d is c u s s io n  method is  
s u ita b le  in  th e  te a ch in g  o f  
s c ie n t i f i c  s u b je c ts  (such as 
p h y s ic s , ch e m is try , e tc . )
26. Most p u p ils  encountered 
d i f f i c u l t i e s  in  express ing  t h e i r  
v iew s in  th e  f i r s t  few sessions 
o f  d is c u s s io n .
/  < ? & /  ^  /  $  /  <? /  <?■*?/
27. Most p u p ils  encountered 
d i f f i c u l t i e s  in  express ing  t h e i r  
v iew s in  th e  la s t  few sessions o f  
d is c u s s io n . 0 0 0 0 0
28. D e sp ite  th e  use o f  th e  
d is c u s s io n  method, some educationa l 
concepts and p o in ts  remained 
d i f f i c u l t  to  g rasp hy th e  p u p ils . 0 0 0 0 0
B. R ecord ing th e  D iscuss ion  
Sessions
29. R ecord ing th e  d is c u s s io n  
sessions has reduced th e  
p a r t ic ip a t io n  o f  some p u p ils  in  
th e  c la s s . 0 0 0 0 0
30. Record ing th e  d iscu ss io n  
sessions has in c rea sed  th e  
p a r t ic ip a t io n  o f  some p u p ils  in  
th e  c la s s . 0 0 0 0 0
31. Record ing th e  d is c u s s io n  
sessions has had no e f fe c t  on th e  
beh av io u r o f  p u p ils  in  th e  c la s s . 0 0 0 0 0
32. C a ll in g  p u p ils  by t h e i r  names 
s treng thened  th e  r e la t io n s h ip  
between th e  in s t r u c to r  and th e  
p u p ils  and in c rea sed  t h e i r  
e f f ic ie n c y . 0 0 0 0 0
33. R ecord ing d is c u s s io n  sessions 
has in c rea sed  th e  in te r e s t  o f  th e  
in s t r u c to r  towards th e  sess ions. 0 0 0 0 0
C. G eneral O pin ions Formed
3^. G ive th e  m a jo r d i f f i c u l t i e s  th a t  faced  you d u rin g  th e  use o f  th e  
d is c u s s io n  method.
35. Give th e  advantages and disadvantages o f  th e  d is c u s s io n  method as you 
have observed them d u rin g  th is  experim ent.
Advantages Disadvantages
36. Give your comments and suggestions regarding this method.
End of the Questionnaire
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FOR 
PUPILS WHO STUDIED BY THE 
DISCUSSION METHOD
PREPARED BY 
MISBAH M. HAJ-ISSA
Name o f  p u p i l : .  
Name o f  schoo l: 
C la s s : ..................
Date:
In tro d u c t io n  and In s tru c t io n s
The aim o f  t h is  q u e s tio n n a ire  is  to  le a rn  th e  o p in io n s  th a t  you have 
formed as a r e s u l t  o f  you r s tudy  o f  some o f  th e  p re s c r ib e d  concepts o f  
p hys ics  by  th e  use o f  th e  d is c u s s io n  method. We ask f o r  you r cand id  
o p in io n  so as to  enable us to  form  a t ru e  p ic tu re  o f  what happened because 
we p la ce  g re a t v a lu e  on you r o p in io n  f o r  im prov ing  th e  c u r r ic u la  and methods o f  
o f  te a c h in g .
T h is  is  n o t a t e s t  and th e re  a re  no r ig h t  o r  wrong answers. The 
q u e s tio n n a ire  co n ta in s  a number o f  s ta tem en ts . We want to  know what yo u r 
degree o f  agreement (o r  d isagreem ent) w ith  each o f  th e  sta tem ents in  th e  
q u e s tio n n a ire .
B e fo re  s ta r t in g  l e t  us lo o k  a t th e  fo llo w in g  example
Example
Suppose th a t  one sta tem ent in  th e  q u e s tio n n a ire  s ta te s  th e  fo l lo w in g ,  
w ith  th e  degree o f  agreement (and disagreem ent) a g a in s t i t .
. /  4°.
/  #  < ? \
S tudy ing  p hys ics  is  an en joyab le
and e x c it in g  experience o o o o o
So, i f  you choose one o f  th e  above degrees o f  agreem ent, shade th e  c i r c le  
below  yo u r chosen answer. For in s ta n c e , i f  your cho ice  is  "A g re e ", th e n  you 
shade th e  c i r c le  below  i t ,  as shown. .
So now, u s in g  a p e n c il ,  answer th e  fo llo w in g  s ta tem en ts . P lease be 
c e r ta in  th a t  you understand th e  sta tem ent b e fo re  answ ering .
1. The use o f  th e  d iscu ss io n  
method in c rea sed  th e  p u p i ls ’ 
p a r t ic ip a t io n  in  th e  d iscu ss io n  in  
th e  c lassroom  compared to  th a t  in  
th e  c o n v e n tio n a l method o f  te a c h in g . o o o o o
2 . The use o f  th e  d iscu ss io n  
method enabled th e  p u p ils  to  t a lk ,  
more about each lesson  than  in  th e  
c o n v e n tio n a l method o f  te a c h in g . o o o o o
3. Through th e  use o f  th e  
d is c u s s io n  method most p u p ils  were 
ab le  to  express them selves w ith o u t 
fe a r . o o o o o
The d is c u s s io n  method he lped to  
s t im u la te  th e  th in k in g  o f  th e  
p u p ils . o o o o o
5. The d is c u s s io n  method le d  to  an 
improvement in  th e  a b i l i t y  o f  th e  
p u p ils  t o  express them selves from  a 
language s ta n d p o in t. o o o o o
6. The d is c u s s io n  method he lped  to  
t r a in  th e  p u p ils  in  th in k in g  
lo g ic a l ly  and in  d is c o v e r in g  
r e la t io n s . o o o o o
7. The d is c u s s io n  method he lped to  
t r a in  th e  p u p ils  in  l is te n in g  t o ­
o th e rs  and to  re sp e c t t h e i r  
o p in io n s . o o o o o
8. The d is c u s s io n  method he lped  to  
c re a t a com fo rtab le  atmosphere in  
th e  c lassroom . o o o o o
9. The d is c u s s io n  sessions he lped  
t o  c l a r i f y  some o f  th e  d i f f i c u l t  
p o in ts  as a r e s u l t  o f  th e  d ia lo gue  
between th e  in d iv id u a ls  o f  th e  
d is c u s s io n  group. o o o o o
10. The presence o f  about 30 
s tuden ts  in  th e  d iscu ss io n  group 
gave an o p p o r tu n ity  f o r  each p u p il  
t o  p a r t ic ip a te .
11. The use o f  th e  d iscu ss io n  
method he lped  a l l  le v e ls  o f  p u p ils  
t o  p a r t ic ip a te  e f fe c t iv e ly .
12. The in s t r u c to r  encouraged th e  
p u p i l  t o  ask and enqu ire  about 
each p o in t  n o t understood.
13. The in s t r u c to r  was annoyed w ith  
th e  p u p i l  who asked about each 
p o in t  no t understood.
ll+ . The in s t r u c to r  d is t r ib u te d  h is  
q u e s tio n s , on a l l  p u p ils  w ish in g  
to  answer, in  a f a i r  manner.
15. The in s t r u c to r  t re a te d  h is  
p u p ils  in  a m ature and lo g ic a l  
manner.
16. The in s t r u c to r  o rdered  
m isbehaving p u p ils  t o  le ave  th e  
c lassroom .
17. The in s t r u c to r  encouraged 
s e r io u s  p u p ils  a t  th e  a p p ro p ria te  
t im e .
18. The in s t r u c to r  r id ic u le d  th e ' 
p u p i l  who com mitted an e r ro r ,  in  
o p in io n  o r  b e h a v io u r, in s id e  th e  
c lassroom .
*
19. The in s t r u c to r  u s u a lly  w a ite d  
f o r  th e  p u p i l  speaking to  f in is h  
h is  d isco u rse .
20. The in s t r u c to r  u s u a lly  
p resen ted  th e  q u e s tio n  and w a ite d  
f o r  th e  s o lu t io n  from  h is  p u p ils  
and d id  n o t g iv e  th e  s o lu t io n  u n t i l  
a l l  th e  p u p ils  in  th e  c la ss  had 
f a i le d  to  f in d  i t .
/ v y  ^  /  -y /  /  <s> /
21. The in s t r u c to r  used a c le a r  
and e a s i ly  unders tandab le  language. O O O O O
22. C a ll in g  p u p ils  by t h e i r  names
c re a te d  f r ie n d s h ip  and n a tu ra l
responsiveness w i th in  th e  c la s s , 
as w e ll  as o u ts id e . O O O O O
23. The in s t r u c to r  was e n th u s ia s t ic  
about t h is  method. • O O 0 O O
2k. The d is c u s s io n  method is
a p p ro p ria te  f o r  th e  te a c h in g  o f  
modern m athem atics. O O O O O
25. The d is c u s s io n  method is
a p p ro p ria te  f o r  th e  te a ch in g  o f
s c ie n t i f i c  s u b je c ts  such as 
p h y s ic s , c h e m is try , e tc . O O O O O
26. The d is c u s s io n  method is
a p p ro p ria te  f o r  th e  te a c h in g  o f
th e o r e t ic a l  s u b je c ts  such as 
h is to r y ,  s o c io lo g y , e tc . O O O O O
27. G ive yo u r comments and suggestions conce rn ing  t h is  method.
28. G ive any comments th a t  you have heard from  you r fe l lo w  p u p ils  ahout 
t h is  method.
END OF THE QUESTIONNAIRE
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INTRODUCTION
T h is  course is  designed us ing  th e  programmed le a rn in g  approach. Of 
t h is  approach, Schram has sa id  th a t :  I t s  a c tu a l b i r t h  occu rred  in
p s y c h o lo g ic a l la b o ra to r ie s  and was nou rished  w ith  s c ie n t i f i c  th e o r ie s .  
The method has been s u c c e s s fu lly  u t i l i z e d  over a l l  academic and 
c a p a b i l i t y  le v e ls ,  i . e .  b eg inn ing  w ith  the  m e n ta lly  re ta rd e d  and 
end ing w ith  the  most ta le n te d  p u p ils .  I t  was a lso  a p p lie d  to  a l l  
te ach ing  s u b je c ts  in c lu d in g  p r a c t ic a l  and l in g u is t ic  s k i l l s
One o f the  advantages o f t h is  programmed system is  th a t  i t  takes 
in d iv id u a l d if fe re n c e s  in to  c o n s id e ra t io n  and he lps to  c re a te  a s p i r i t  
o f  p e rs is te n c e  and s e lf-c o n fid e n c e  among p u p ils .  I t  p ro v id e s  f o r  the 
te a ch e r, as w e l l ,  a s a t is fa c to r y  o p p o r tu n ity  to  supe rv ise  h is  s tu d e n ts  
and to  s tudy t h e ir  p r iv a te  problem s.
In  a d d it io n ,  th is  programme aims to  f a c i l i t a t e  the  s tudy o f  c e r ta in  
concepts in  p hys ics  w h ich are  p re s c r ib e d  fo r  the p u p ils  o f  th e  f i r s t  
secondary c la sse s .
L a te r ,  the outcome o f th is  method w i l l  be compared w ith  th a t  o f  o th e r  
e d u c a tio n a l methods.
( i )  Shram, W ., "Programmed In s t r u c t io n  Today and Tomorrow". T ra n s la te d  
in to  A ra b ic  by Othman F a r r a j , M aktabat N ahd it Maser, CAIRO, EGYPT, 
1966.
My deep thanks and appreciation are due to all who have helped in 
constructing this programme and to the officials of the Ministry of 
Education in Kuwait for the valuable aid they offered to this research.
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INSTRUCTIONS FOR THE PUPIL
This programmed course is not an examination with which to examine 
your educational level or your understanding of the concepts it includes. 
It is, however, a teaching method intended to transfer you from your 
present educational level to another level. The intention is that, 
by proceeding gradually through this programme from one point to 
another, you may not proceed to a successive point before mastering 
the previous one.
You should follow these directions:
(1) Use the i.e. of card-board with this textbook. Put it
horizontally so that you uncover the first frame of this
programme.
(2) Read the frame carefully and accurately so that its contents 
are understood completely.
(3) Answer the question in the first frame, in the place for
this purpose.
(4) Check your response with the correct one on the left side 
opposite the second frame.
(5) If your response is correct move to the next frame.
(6) If your response is not correct, do not panic, it is not your
fault (it may even be the programmed). You have to master the
correct response before moving to the next frame/
(7) You should not look at the correct response of the frame
you are reading before you have thought it over and tried
to answer it.
(8) Note that when there are a number of dashes (----) in the
space, this number of dashes indicates the number of letters 
of the required word. If the space is dotted (....), we 
neither show the number of letters of the required word nor 
the number of words of the required statement. But if we
write b-------- then what is required is that you fill in the
space with a word of four letters beginning with "b" (such 
as book). When we w r i t e  1, you are asked to fill in
the space with a word of six letters ending with "t" (such as 
Kuwait).
(9) Each chapter consists of:
(a) A  list of objectives, which describes what you should 
be able to do upon completing each chapter.
(b) Programmed material which corresponds to these objectives.
(10) The panels referred to are in the small textbook, which is 
attached to this textbook. In the panels textbook are 130 
panels. The panels include: problems, solving problems,
graphsj figures, formulae, tables, deductions, photographs, 
models, etc.
Chapter 1 
SPEED
OBJECTIVES
After the pupil has studies this concept, we hope that he will be able
to:
(1) Define speed
(2) State units of speed
(3) Explain the variations in straight movement from time tape
(4) Define uniform speed
(5) Define variable speed
(6) Define an average speed
(7) Calculate an average speed from time tape
(8) Calculate an average speed from the graphical relation
between distance and time
(9) Calculate an average speed from consecutive distances and 
the period of time required to cover them
(10) State the practical steps used to discriminate between 
uniform and variable speeds
(11) Deduce the kind of speed change from a graph
(12) Calculate the area under a (speed-time) graph (it represents
a distance traversed by a moving object)
Frame
No.
Stimulus Response
1-1 Bodies around us move on differently shaped routes or 
tracks. If a car moved in a straight line, we 
describe its movement as straight, because it moved 
in a straight line. Sometimes, movement is referred 
to as linear, for linear movement means that the 
moving body has followed a track whose shape is 
s___ ;___
2-1 Thus if a rocket left the earth1s surface and moved, 
through the first stage of its movement, in a straight 
line, we call this movement: a ........  movement.
straight
3-1 On this basis, if in an amusement centre we observed 
bodies that move in the air and draw a circle then
we can say that these bodies make a c -----
movement.
s traight
i
3 -1 But if a body made a vibrational movement, i.e. 
moved to and fro like the movement of the swing or 
as in the movement of a branch or a resonating fork, 
the movements of such bodies take place in two
opposite directions, so it is described as a v---------
movement.
circular
(rotational)
4-1 There are other types of movements. Some are simple 
and some are complex. But we are restricted here to 
introduce the above three types only. These types
are the ......... t h e ......  and the vibratory
movements.
vibratory
5-1 This year we shall concentrate in our studies on the 
first two types i.e. the straight (linear) and the
circular
(rotational)
and
straight (or 
either order)
6-1 In observing bodies that move around, we describe 
their movement as fast, moderate and slow. But this 
description that we give to the moving bodies is not 
accurate and has no clear scientific significance.
circular
(rotational)
7-1 Each of us compares ordinary movement with a mental 
picture of these words (fast, moderate, slow). The 
comparison on minds differs from one person to 
another; if a person says: "That car is moving 
fast", he means that it is moving with a speed which 
is (greater than/equal to/less than) the speed at 
which he thinks cars usually go. Choose the correct 
answer.
Go on, you 
are not 
required to 
respond here.
8-1 If he said that the car moves slowly, he means that 
it is moving with a speed which is (greater than/ 
equal to/less than) the speed with which cars 
usually go.
greater than
9-1 And V7hen he says that that car moves with an 
ordinary or moderate speed, he means that it is 
moving with a speed which is (greater than/equal to/ 
less than) the speed with which cars usually go.
less than
10-1 It happens that the estimation, by any person, of 
the ordinary speed of cars varies in his mind from 
time to time. Also, that estimation varies from 
one person to another. In practice, we cannot 
depend on such estimates that do not rely on precise 
measurement.
equal to
11-1 While riding in a car, no doubt you have often 
observed that the pointer of the speedometer moves 
according to the carfs movement i.e. if the car 
was moving fast, its speedometer would indicate a 
large number while if the car was moving slowly then 
its speedometer would indicate a .......  number.
Go oil, you 
are not 
required to 
respond here
12-1 If the car stopped or if it was already still, the 
speedometer would indicate a ....... number.
small
13-1 Very often, the numbers that we read on speedometers 
scales are of the following order: O-10-20-30-40-50- 
60-70-80-90 etc. If two cars were moving so that the 
speedometer of the first car was indicating 70 at the 
moment when it was overtaken by a second car whose
zero
speedometer indicates 90 at that moment, then this 
means that the speed of the first car was (larger than/ 
equal to/smaller than) the speed of the second car.
14-1 The numbers that the pointer of the car speedometer 
indicates, give the driver an idea about how fast he 
is driving his car. If he reached a traffic-light 
he would watch those numbers to determine approx­
imately at what time he should lift his foot off the 
accelerator, or when he should use his brakes so 
that he can stop exactly and safely at the traffic- 
light. So when he uses his brakes, the speedometer
pointer moves in the direction of the ......
numbers and stops at ......
smaller than
15-1 If the driver moved his car starting from rest, then 
the pointer would move in the direction of the
smaller, zero
16-1 We have so far discussed the numbers on speedometers 
as being familiar numbers in our daily life; let us 
now investigate their scientific significance. What 
do we mean when we say that the car is moving with 
a speed equal to 70 kilometers per hour? This 
means that the car can move a distance of 70 kilo - 
meters within one hour (on condition that the 
speedometer keeps pointing to the number 70 during 
the period which is equal to one hour). On this
larger
basis, if we noticed that the speedometer indicates 
the number 90, this means that if the pointer kept 
indicating the same number, then the car will be
able to cover a distance of .......  kilometers
within a period of .......
17-1 In fact, it is difficult for the driver to fix the 
pointer of the speedometer at a certain number for 
one hour. This is because he faces, on his journey, 
different conditions which compells him to go faster, 
slow down, or even stop. If he found that the road 
is empty and he wished to reach his home or work in 
a shorter period of time; he had only to press the 
accelerator and the car would go faster. Thus the 
speedometer would indicate a 1 ...... number.
90, one hour
18-1 If-he found that the street before him is full of cars 
he is, then, forced to reduce his pressure on the 
accelerator and the car will slow down. Thus the 
speedometer will indicate a ......  number.
large/er
19-1 If he drew near to a red traffic-light, he is forced 
to lift his foot off the accelerator and use his 
brakes. Thus the car will go slower and slower 
until it s----  , then the speedometer would indicate
small/er
20-1 The number indicated on the speedometer at a certain 
moment is called the Instantaneous speed. When we 
read on the speedometer of a car that the number is 
60, this means that the speed of the car at that 
instant is 60 kilometers per hour. On this basis, 
if the speedometer of the car indicates the number 
75, this means that the instantaneous speed of the 
car is equal to ........
stops, zero
21-1 Notice that here we used a unit for distance called
k-----  - and another unit for time needed to cover
that distance called h.---
7 5 kilometers 
per hour 
or (75 kms/hr)
22-1 Previously you have used smaller units than the 
kilometer for measuring distance. Also, you have 
been introduced to units for measuring time which 
are smaller than the hour. Do you remember them?
Units for measuring distance are kilometer, ......
a n d .........  Units for measuring time are hour,
..... , and .....
kilometer,
hour
2 3 - 1 We can measure distances with unit smaller than the 
kilometer. There is a unit which is 1000 times 
smaller than a kilometer called "Meter", i.e. one 
kilometer is equal to 1000 .....
meter,
centimeter,
minute,
second
(if you knew 
the answer, 
move to frame 
29-1)
24-1 There is also another unit which is 100 times 
smaller than the "meter" called "centimeter", i.e. 
one meter is equal to 100 ......
meters
25-1 Time is measured with a unit other than the "hour" 
which is 60 times smaller than the hour, called the 
"Minute", i.e. one hour is equal to 60 .....
centimeters
26-1 Time is also measured with a unit other than the 
"hour" or "minute" which is 60 times smaller than 
the minute called the "Second", i.e. every minute is 
equal to 60 ......
minutes
27-1 Therefore, one kilometer = .......  meters.
and one meter = ...... centimeters •
seconds
28-1 Also, one hour = ...... minutes.
and one minute = ...... seconds.
1000, 100
29-1 If the distance between a pupil's house and his 
school is 0.5 kilometers, this means that this 
distance = ......  meters »
60, 60
30-1 If the length of a school yard is 250 meters, this 
means that the yard length = .... kilometers ,
0.5 x 1000 = 
500
If a pupil covered the distance between his house 
and his school in 1/6 hour, this means that he covered
the distance in a period of time equal to .....
minutes •
250
1000 - 0.25
or
1/4
If a pupil finished an experiment in his laboratory 
in 20 minutes, this means that he has finished it 
within a period of time equal to .... of an hour.
1/6 x 60 = 10
If that student used a one-meter scale (ruler) to 
measure the length of the black-board, and if the 
length of the black-board was three and a half meters, 
this means that the length of the black-board is 
equal to ......  centimeters.
20
60
= 1/3
If a person swam all across a swimming pool in 1/4 
minute, this means that he needed »»• seconds to 
cross the pool.
3.5 x 100 = 3 5 0
But, when do we use big length or time units and when 
do we use the small ones? This depends upon the size 
of each of the distances or times to be measured, and 
on the means used for the measurement. Distances 
between cities are usually measured in kilometers; 
the time needed to cover these distances is measured 
in hours when covering the distance by car, and in 
minutes and seconds when travelling by plane
1/4 x 60 = 15
36-1 And as long as speed is a relation between distance 
and time needed to cover that distance, we expect 
that speed units will be composed of expressions 
consisting of distance units and ...... units.
Go on (You 
are not 
required to 
respond)
37-1 We can determine the speed of a moving body by 
measuring its covered distance and the time needed 
to do so. If the distance covered by a cyclist 
within half an hour is 5 kilometers, this shows that 
the cyclist can cover within 1 hour or distance of 
...... . kilometers.
time
37f-l The 10 kilometers distance covered by the cyclist 
within one hour is what we call the speed of the 
cyclist or (bicycle).
10
38-1 Hence speed is the distance (10 kilometers) covered 
within the time unit (one hour). This means that
the cyclist was driving with a speed equal to .....
(Donot forget to put the unit with which we measure 
speed beside the number).
Go on (you 
are not 
required to 
respond)
39-1 If a plane covered the distance between Kuwait and 
Damascus (1000 Kms) within 2 hours, this means that
the plane was flying with a speed equal to ......
(Do not forget to put the unit beside your answer).
10 kms/hr
40-1 If a car covered the distance between Kuwait and 
Ahmadi (35 Kms) within half an hour, this indicates 
that the car was running with a speed equal to
^ 2 2  = 500 Kms/ 
2 hr
41-1 You notice from the two previous examples that if 
we wish to calculate speed from the distance covered 
and the time needed, we devide the distance covered
by the time needed, i.e. .......
(Write the relation).
= 70 Kms/hr
0.5
42-1
, Distance covered 
i.e. Speed = --------- ----- ----
Time needed
If we wrote the symbols : "S" to indicate speed, 
nD ,f to indicate distance and "T" to indicate time, 
then we can write the previous formula as follows:
Speed =
Distance Covered 
Time needed
43-1 Now we can write our previous formula as follows: 
D = ....
s = °
T
44-1 This formula D = S x T indicates that: the distance 
covered by a body moving with speed nS" within time 
"T" can be obtained by multiplying .... by ....
S x T
45-1 Accordingly, if a car moving with the speed of 
80 Kms/hr covered the distance between Kuwait and 
Al-Jahra in a period of time of half an hour, this 
means that the distance, D "= ... = ... kms.
S x T
46-1 We can also rewrite our formula S = —  as follows
T
T = ------- —
80 x \ = 40
47-1 This relation T = shows that if a body moved with 
a speed (S) and covered a distance (D), then the 
time (T) required might be calculated by dividing 
.... by ....
D
S
48-1 If a ship, sailing with a speed of 25 Kms/hr, covered 
the distance of 75 Kms between Kuwait port and Mina 
Abdalla, this shows that it needed a time of:
T = ..... = ..... hrs.
D by S 
or
(Distance by 
Speed)
49-1 In Standard International units (S.I.U.), distance 
is determined in meters (m)., time required in seconds 
(sec). Hence speed is determined in m/sec. If a car 
covered a 50 ms distance in 2 seconds, this means 
that the car speed is .....
2 1  - 3 
25
50-1 Thus, you can see that speed is a derived quantity 
resulting from the combination of two essential 
quantities namely, length and time. Its unit is 
always a length unit divided by ..... units.
25 m/sec 
(Do not forget 
the S.I.U.)
51-1 On this basis if we have the following relation:
Dist^nc6 • *
Speed « ----- ~ —  and if speed was determined as
Time
m/sec, this means that the distance unit is 
determined in ...... and the time unit is
determined in ......
time
52-1 In our previous discussion of the speed of a moving 
body, we assumed that its speed is constant all over 
the period of its movement. We showed in a previous 
frame (17— 1) that a constant speed is very difficult 
to achieve in ordinary movement, such as the movement 
of cars and people. This is because movement is ofter
meters (in) 
seconds (sec)
hindered by obstacles. Suppose a car driver can keep 
to a speed of 60 kilometers/hr., this means that if 
he continued like this and was not faced by any
obstacles then he will cover a distance of ......
in every hour.
53-1 If a body moved so that it covered equal distances 
in equal periods of time, we can say that it moves
with a constant speed i.e. its speed keeps c— ------
during its movement.
60 kms
53'-l If a motor-boat moved on the surface of some water 
and covered 35 kms in the first hour and 35 kms in 
the second hour, and finally 35 kms in the third hour 
of his movement, you see that the boat covers a 
constant distance (35 kms) in every hour. Thus,as
constant
long as the boat covers equal distances in 
equal periods of time, we can say that it is 
moving with a ........ speed.
II
53 -1 If that boat covered within the three hours, the 
distances : 35, 15 and 25 kms respectively, then 
we see that the boat covered a distance of 35 kms 
in the first hour, a distance of 15 kms in the 
second hour and a distance of 25 kms in the third 
hour. These unequal distances are covered within 
equal periods of time. Thus as long as the boat 
coverd unequal distances within equal periods of 
time then we can say that it is moving with a
constant
(uniform)
54-1 If a body moves so that it covers unequal distances 
in equal periods of time or equal distances in 
unequal periods of time, we say it is moving with
variable speed i.e. its speed is ........  during
its movement.
variable
(or any other
meaning)
55-1 When the speed of the moving body is variable we 
say that the body moves with a ........  speed.
unconstant
(variable)
56-1
....
When the body moves with a speed that remains 
constant, then we say that the body is moving 
with a .........  speed.
variable
57-1 On this basis : if a metallic ball moved on the 
surface of a table with a variable speed, this 
means that it covered equal distances within
distances within ...... periods of time.
constant
(uniform)
58-1 Now, go on to the following experiment which will 
enable you to distinguish clearly between uniform 
and variable speeds, after which carry on your 
programme.
unequal,
equal
PRACTICAL LESSON (1) 
Uniform and Variable Speeds
Instruments
A  timer-ticker, paper tape, electric mains, a vice.
Steps
1. Fix the timer-ticker on the edge of the laboratory bench using 
the vice.
2. Insert the free end of the paper tape through the timer-ticker 
and hold it with your hand.
3. Walk away from the bench (several paces) while pulling the tape at 
a uniform speed. The timer-ticker will print marks (dots) on the 
tape in equal periods of time. Cut off the tape and mark it No. 1.
4. Repeat the experiment; this time pull the tape slowly initially, 
then increase the pulling speed. In the end slow the pulling 
speed down to zero. Cut off the tape and mark it No. 2.
5. Attach a convenient part from each tape as follows (neglect the 
extreme ends of the tape)..
  --------------------------------------------------- £=s~
6. Measure the distance between every two points on the first tape
and also on the second one.
RESULTS
First Tape
The distance between the first and second points on the tape = .......
The distance between the second and third points on the tape = ........
The distance between the third and fourth points on the tape = ........
The distance between the fourth and fifth points on the tape = ........
The distance between the fifth and sixth'points on the tape = ........
The distance between the sixth and seventh points on the tape= ........
The distance between every two consecutive points are equal/unequal
(delete as appropriate)
the body covered equal/unequal distances in equal periods of time.
the body is moving with a uniform/variable speed.
Second Tape
The distance between the first and second points on the tape = ..........
The distance between the second and third points on the tape = ..........
The distance between the third and fourth points on the tape =  .........
The distance between the fourth and fifth points on the tape =  .........
The distance between the fifth and sixth points on the tape =  ........
The distance between the sixth and seventh points on the tape=  .
The distance between every two consecutive points on the tape are 
equal/unequal
the body covered equal/unequal distance in equal periods of time
.*. the body is moving with a uniform/variable speed
The distances between every two consecutive points in the beginning 
of the tape increase/decrease
The distances between every two points at the end of the tape 
increase/decrease
the body was accelerating/decelerating in the beginning of its 
movement. '
. the body was accelerating/decelerating in the end of its movement.
Remarks
59-1 Now let us take an example of the variable speed, "the 
movement of buses in a town” . The bus starts from the 
main centre with a certain speed, then changes that 
speed according to the nature of traffic in its way.
It may stop at certain traffic-lights or at bus- 
stops, and so on until it returns to the main centre. 
Previously, we have said that the speed of a moving 
body (the bus as an example) at a certain instance 
is called the ........
60-1 As long as the instantaneous speed is often changed 
then, practically, we are not interested in 
measuring the instantaneous speed of a moving body. 
We measure what we call average speed. So if we 
wanted to determine the speed of a moving body,
we can only measure its .......  speed since its
instantaneous speed is difficult to determine.
instantaneous
speed
61-1 But .-what do we mean by average speed; to explain 
this, let us consider that we calculated the length 
of the route that the bus followed from the moment 
it left the main centre until it returned. We also 
determined the time needed for this trip (including 
the time of stops). Then we obtain the b u s 1 average 
speed by dividing the total distance covered by the 
total time needed to accomplish the journey, i.e.:
Average speed = --------------
average
Now, if in our example, the bus left its main centre 
at 7 a.m., stopped during its journey going from and 
back to the main centre, for 7 minutes at the bus- 
stops, and stopped at two traffic lights for l£ 
minutes each. If the time for the journey 
(excluding stops) was 65 minutes, this shows 
that the total time needed to cover the journey is 
... minutes and that the bus returned back to the 
main centre at ....
Total distance
covered______ _
Total time 
needed
When the driver watched the distance meter he found 
that the bus covered a total distance amounting to 
50 kms (in his two-way trip). If we wanted to 
compute the b u s 1 average speed, then we use the 
relation:
Average speed = ------------
75,
8.15
(see panel 1)
According to what has gone before, we can substitute 
the values obtained in the previous relation to 
calculate the b u s ’ average speed which is equal to 
.... kms/h r .
Total distance 
covered
Total time 
needed
Taking another example, consider a timer-ticker which 
makes 50 strokes (dots)/second and which was used 
to calculate the average speed of a trolley. If the 
distance between the first and eleventh points on 
the tape was 50 cms., then we can first find the 
total time needed which is equal to ..... seconds.
40 (see panel 1
And the relation used to calculate the trolley's 
average speed is:
Average speed = ------ -------:—
1/5 (or 0.2) 
(see panel 2)
Substituting in that formula with corresponding 
values we find that the trolley's average speed 
is equal to ..... m/s
Notice the dots distribution on the tape in 
diagram 2. Is the speed uniform or variable?
It is .........  , can we call the speed between two
consecutive points instantaneous? ......
Total distance 
covered ’
Total time 
needed
2.5
(see panel 2a)
Now, try to solve the following problem: A  car
covered the distance of 300 kms between cities (A & B) 
within 3 hours. It stopped in city (B) for half an 
hour for refuelling, then continued its way to another 
city (c) which is 100 kms away from (B), and reached 
there l£ hours after leaving (B). From the data 
given in this problem, compute the average speed 
of the car which is equal to ......
variable 
Yes (we can call 
it instantaneous 
for the period • 
of time that 
separates 
between them 
is very short)
70-1 Here is another problem of the same type:
At the end of a school day, 40 pupils got into the 
school bus to get to their homes. The driver 
divided the pupils into four groups, each group 
being dropped in a certain place. If your house 
was at the end of the line where the last group 
is dropped, and the bus needs 3 minutes to cover 
the distance between two consecutive stops and 
needs one minute for every group to actually 
drop off, calculate the average speed of the bus 
during its journey from the school to your house, 
which is 10 kms away from your school.
Average speed = ......
80 kms/hr 
(see panel 3)
71-1 This is another problem in calculating the average 
speed: (refer to panel 5). You will see a time 
tape taken from a timer-ticker which makes 50 
strokes in one second. Use this tape to determine the 
average speed of the trolley. If the distance 
between the first and tenth points on the tape is 
20 cms, is the average speed of the trolley 1 m/s? 
......  If not what is its value? ......
40 kms/hr 
(see panel 4)
72-1 Look at this last problem: The figure below shows 
a part of a time tape pulled through a timer-ticker 
which makes 50 strokes in one second. Does the 
distribution of the dots on the tape show that the 
speed is uniform?
No, 10/9 m/s 
(see panel 5a)
)a  B C D 1 
\ • • • • • • • * * \
73-1 Using your ruler, try to determine the average 
speed between A  and D. The average speed between 
A  and D is ..... cm/sec or ..... m/sec.
No, points 
are not 
uniformly 
distributed
74-1 Also the value of the average speed between B and C 
is ..... cm/sec or ..... m/sec. (Use your ruler 
to calculate the distance between the 2 points 
on the figure).
50 cms/sec 
or 0.5 m/sec 
(see panel 6)
75-1 The average speed, too, between C and D is ... cm/sec 
or .... m/sec. (Use your ruler to calculate the 
distance between the 2 points on the figure).
75 cm/sec 
or 0.75 m/sec
76-1 Finally, the value of the average .speed between A and
B is .... cm/sec or .....m/sec. (Use your ruler to
measure the distance between the 2 points on the 
figure).
125 , 
---  cm/sec
3
or
5
—  m/sec 
12
77-1 By measuring the distance between B and C we deduce 
that the speed between them i s .....
40 cm/sec 
or 0.40 m/sec
78-1 Could the speed between every two consecutive points 
be considered an expression of instantaneous or 
average speed?
uniform
79-1 Let us now revise the main points that we have 
discussed through the speed' concept. We have said 
that bodies move around us in different ways such
as vibratory, rotational and .........  movements.
The last describes bodies moving in a straight 
line.
instantaneous 
speed (the time 
between two 
consecutive 
points is 
very short)
80-1 We have shown also that although ordinary people 
use special expressions for describing the move­
ment of bodies around them, these expressions are 
not scientifically accurate. If a body moved at 
a high speed, they would describe its movement as 
fast. If the speed is moderate, they would say 
that its movement is ordinary, but if the speed 
was small, they would describe its movement as
straight
81-1 We also related the speed concept to the movement 
of cars and the changes shown on the speedometer 
in these cars. If the speedometer momentarily 
indicated the No. 90 (the scale being in Kms), this
means that the speed is ........  at that-moment;
we called this speed ............  speed.
s low
82-1 After that, we generally defined the speed of moving 
bodies in a straight line as being the distance 
that the body covers within a ....... unit
90 kms/hr , 
instantaneous
83-1 We mentioned that speed is a computable quantity 
resulting from the relation between two essential 
quantities which are length and time. A  speed unit 
is always a length unit divided by a time unit. If 
the distance covered by the moving body was measured 
in kilometers (kms) and the time needed to cover 
that distance was measured in hours (hrs) then 
speed unit would be in .......
time
84-1 If distance was measured in centimeters (cms) or 
- meters (m) and time needed was measured in seconds 
(sec), this means that speed is measured in ......
o r ......
kms/hr
85-1 When using (S.I.U.) length is measured in meters, 
time is in seconds and speed is in ..........
cms/sec 9 
m/sec
86-1 If nDn represents the distance covered by the moving 
body, nTM represents the time and "Sn the speed, 
then the relation that links these three factors 
together is as follows:
S = ...........
m/s
87-1 Uniform speed was defined as: the speed with which
a body moves, covering equal distances in ....... .
periods of time.
D
T
88-1 In  fa c t  most o f  the  moving bod ies in  our d a i ly  
l i f e  move w ith  v a r ia b le  speeds, i . e .  they  cover
equal d is ta n ce s  in  ...........  p e rio d s  o f  tim e o r they
cover unequal d is ta n ce s  in  ....................  p e r io d s  o f
tim e .
equal
89-1 As a r e s u l t  o f  the  v a r ia b le  movement o f  b o d ie s , we 
were ab le  to  d e fin e  average speed. Average speed 
can be computed from  the  r a t io  o f ..................  to
une qua l,
equal
90-1 By t o t a l  needed tim e , we mean th a t  a l l  the  tim e 
re q u ire d  from  the  s t a r t  o f movement u n t i l  i t s  end 
in c lu d in g  the tim e needed f o r  moving and s to p p in g , 
i . e .  the  sum o f the tim e  needed f o r  a c tu a l movement 
p lu s  the  tim e needed f o r  r e s t  p e rio d s  .........................
t o t a l  d is ta n c e  
covered
t o t a l  tim e 
needed
91-1 B e fo re  c a r ry in g  on to  the  ne x t P r a c t ic a l Lesson, we 
have to  become fa m i l ia r  w ith  g ra p h ic  re p re s e n ta t io n  
o f q u a n t it ie s  o r g ra p h ic  re p re s e n ta t io n  o f  d a ta .
T h is  method s im p l i f ie s  our ded u c tio n  o f any in fo rm a ­
t io n  taken  from  the  cu rves . Look a t  panel 7 which 
re p re se n ts  the  number o f p u p ils  absent in  one week. 
From the  curve you w i l l  see th a t  the  number o f
p u p ils  absent on Thursday is  ................ and the
number o f  p u p ils  absent on Monday is  . . . . . . .
s to p p in g /s
92-1 The advantage o f  a curve is  th a t  i t  g ive s  the  
observe r a c le a r  and q u ic k  id ea  about the  development 
o f  a c e r ta in  fe a tu re .  I f ,  from  the  cu rve , the  
number o f p u p ils  absent in c reases  in  a c e r ta in  
day o f  the  week, then the people  in  charge w i l l  
s t a r t  to  s tudy  the  re s p e c tiv e  reasons. They m igh t 
take  a c t io n  in  o rd e r to  d im in is h  o r ra th e r  stop 
the  number o f  absentees th a t  p a r t ic u la r  day.
6, 4
consequen tly
lr
93-1 Look a t  panel 8, you w i l l  see the  in c re a s in g  
p o p u la tio n  o f c e r ta in  c o u n tr ie s  from  one year to  
ano the r. T h is  curve g ives  the o f f i c i a l s  in  th a t  
co u n try  and genera l ideas which w i l l  a id  in  ta k in g  
a c t io n  towards a c h ie v in g , fo r  in s ta n c e , an econom ical 
e q u il ib r iu m . Observe the in c re a s in g  number o f 
p o p u la tio n  which s ta r te d  from  1966, con tinued  u n t i l  
1971, came to  a p la te a u  in  1972 b u t decreased in
Go on, you are  
n o t re q u ire d  
to  respond , 
here
94-1 Look aga in  a t panel 8; you w i l l  see, in  g e n e ra l, a 
c o n tin u o u s ly  in c re a s in g  p o p u la tio n . But two cases 
o f  non -increase  occurred  w ith in  the p e r io d  1966 to  
1975. In  the  f i r s t  case, the  in c re a se  remained 
s im ila r  to  th a t  o f  the p rev ious  y e a r; th is  occurred
occurred  in  comparison to  th a t  o f  the p receed ing  
y e a r; th a t  case occurred  on .........
1974
■95-1 We can use the  same method when we w ish  to  re p re s e n t 
the  movement o f  bod ies g ra p h ic a l ly .  I f ,  f o r  in s ta n c e , 
we des ire d  to  re p re se n t the r e la t io n  between the  
speed o f a moving body and tim e , we cou ld  use the 
d o tte d  tapes in  o rd e r to  do so. We d iv id e  the  tape 
in to  d iv is io n s  each o f  which c o n s is ts  o f  equal 
numbers o f  in te r v a l  d is ta n c e s . Look a t panel 9; 
you w i l l  observe the  r e la t io n  between the  speed 
o f  the  moving body (w hich p u l ls  the  tape th rough  
the  t im e r - t ic k e r )  and tim e (eve ry  second o f movement). 
Here, the number o f  in te r v a l  d is ta n ce s  shown on the  
tape is  . . . . . . . .
1972, 1974
I
96-1 From the curve in  panel 9 you w i l l  see th a t  the  
speed increased from  the  s t a r t  o f  the  movement 
to  the f i f t h  second, was f ix e d  fo r  ano the r second 
and then decreased u n t i l  the  end o f the  movement, 
i . e .  in  the ....................... second.
10
97-1 The increase  o f speed from  one second to  ano the r is  
c a lle d  "a c c e le ra t io n "  w h ile  the  decrease o f speed 
from  one second to  another is  c a lle d  " r e ta rd a t io n "
o r d e c e le ra t io n . Hence a c c e le ra t io n  means ....................
o f  speed w h ile  r e ta rd a t io n  (o r  d e c e le ra t io n )  means
9 th  (n in e th )
98-1 I f  the speed o f  a ca r increased  d u rin g  i t s  movement 
in  one second, from  25 m/sec to  30 m /sec, th is  shows 
th a t  the a c c e le ra t io n  is  equal to  ...........  per second.
in c re a s e ,
decrease
99-1 I f ,  on the  o th e r hand, the speed o f th a t  car 
decreased as a r e s u l t  o f  u s in g  i t s  brakes from  
40 m/sec to  33 m/sec w i th in  one second, th is  shows
th a t  the re ta rd a t io n  o f  the ca r is  equal to  ..............
pe r sec.
5 m/sec
100-1 The r e la t io n  between the  speed o f the moving body and 
tim e can be represen ted  w ith  p o in ts ,  where every 
p o in t  (on the curve) re p re se n ts  the  v a lu e  o f  speed 
in  every second o f th a t  movement. Look a t  panel 10, 
you w i l l  see th a t  the  speed o f the body in  the f i r s t
second is  15 m/sec and in  the  f i f t h  second is  ............. ..
and in  the  n in e th  second the speed became ................
7 m/sec
101-1 Now look  a t panel 11 and t r y  to  com plete the  ta b le  
from  the da ta  you ob ta ined  f o r  the curve in  panel 10.
60 m/sec y 
30 m/sec
102-1 Return to  panel 10. You w i l l  n o t ic e  th a t  the  speed 
increases w ith in  the  seconds (1 -5 ) w h ile  i t  decreases 
w i th in  the  seconds (5 -8 ) and i t  inc reases /decreases  
w i th in  the  seconds (8 -1 0 ).
Have you 
com pleted you r 
ta b le ?
Compare you r 
answer w ith  
pane l 11a
103-1 Thus the  p receed ing  curve g ive s  you an idea  th a t  
speed g e n e ra lly  changes from  one second to  ano ther 
e i th e r  in c re a s in g ly  o r  . . . . . . ................
in c rea ses
104-1 In  o rd e r to  measure speed p r a c t ic a l ly  and become 
acqua in ted  w ith  the  in c re a se  o r decrease o f speed, 
t r y  to  c a r ry  o u t the  fo llo w in g  p r a c t ic a l  le sson .
d e c re a s in g ly
PRACTICAL LESSON (2)
The Measurement o f  Speed and the R e co g n itio n  o f  i t s  
Inc rease  and Decrease
In s trum en ts
A v ic e ,  a t im e r - t ic k e r ,  paper tape , e le c t r ic  m ains. •
Steps
1. F ix  the  t im e r - t ic k e r  on the edge o f  the  la b o ra to ry  bench us ing  
the  v ic e .
2. Pass the f re e  end o f the tape th rough  the  t im e r - t ic k e r .
3. L e t one o f your co lleagues h o ld  the  f re e  end o f the tape and 
p u l l  i t  away from  the bench ( fo r  a few se tps) changing h is  
speed; n o t ic e  th e .d o ts  th a t  are p r in te d  on the  r o l l  w i th in  
equal p e rio d s  o f  tim e .
4. Cut the r e s u lt in g  r o l l  in to  d iv is io n s  so th a t  each d iv is io n  
con ta ins  10 in te rv e n in g  d is ta n c e s , f o r  in s ta n c e . Thus each 
le n g th  w i l l  be equal to  the  d is ta n c e  th a t  you co lle a g u e  
covers w i th in  a c e r ta in  p e r io d  o f  tim e (10 s tro k e s ) .
> ©  O © G O O 0  0  O <
5. A tta c h  each o f  the  r e s u lt in g  d iv is io n s  o f the  tape s id e  by 
s id e , in  s e q u e n tia l o rd e r , on the  f ig u r e  be low , so th a t  the  
low er end o f  each d iv is io n  f a l l s  on the  h o r iz o n ta l l in e .
Thus you would have ob ta ined  a "ta p e  ta b le "  -  some s o r t  o f  a g ra p h ic  
re p re s e n ta t io n  which rep resen ts  the  r e la t io n  between your c o lle a g u e ’ s 
speed and tim e . (Speed is  represen ted  on the  Y a x is  and tim e is  
rep resen ted  on the  X a x is ) *
Now, was your c o lle a g u e ’ s speed cons tan t w h ile  p u l l in g  the  tape th ro ugh  
the  t im e r - t ic k e r?
A ls o , was h is  speed in c re a s in g  o r decreas ing  and when?
*  The speed is  measured here w ith  cm/10 s tro ke s  u n i t ,  and tim e  
w ith  10 s tro ke s  u n i t
105-1 Now th a t you have c a r r ie d  ou t 
the  preceed ing  P r a c t ic a l i 
Lesson and recogn ized  the 
r e la t io n  between speed and 
tim e , can you d e sc rib e  the  
type  o f movement from  the  
shape o f  the  curve? T h is  curve 
w h ich  moves w ith  a u n ifo rm  speed 
o f  speed remains ; ...........  d u r in g -
| Speed
^ I n i t i a l  Speed
/  Time
in d ic a te s  a body 
because the va lue  
the  tim e o f  movement.
K
106-1 The n ex t curve re p re se n ts  .
i
a movement whose speed is  
u n ifo rm ly  changing from  one 
moment to  ano ther f o r  the 
curve is  a s t r a ig h t  l in e .
Hence the movement is  0 
described  to  be u n ifo rm ly  changi 
curve passes through the  o r ig in ,  
th a t  the movement s ta r te d  from  .
 ^ Speed
/  Time 
L------------------ - -------
ng. Because the  
t h is  then means
c o n s ta n t r .
107-1 T h is  curve rep resen ts  a ^
movement in  which the
speed is  u n ifo rm ly
in c re a s in g  w ith  tim e ,
b u t i t  has a c e r ta in
i n i t i a l  speed. T h is  is
because the  curve d id  n o t pass t
 ^ Speed
y I n i t i a l  Speed 
j  Time . 
hrough the ..............
r e s t  (no 
i n i t i a l  speed)
108-1
109-1
The fo llo w in g  curve 
re p resen ts  a v a r ia b le  
movement which has an 
i n i t i a l  speed and fo r  
wh ich the speed is  
decreas ing  u n ifo rm ly
^  Speed
^ I n i t i a l
speed
Time 
—^
o r ig in
w ith  re sp e c t to  t im e , b u t the  v a lu e  o f  the  f i n a l  
speed is  »«*««*••
A f te r  you have been 
in tro d u ce d  to  the  
method o f the 
g raph ic  represen­
ta t io n  o f the  
s t ra ig h t  movement
l \  Speed (m/sec)
-r—
1 2  3 4
Time (sec)
whether u n ifo rm ly  o r v a r ia b le ,  and whether i t s  speed
is  decreas ing  o r in c re a s in g , we th in k  th a t  you are  
now able to  com plete the  fo llo w in g  curve w h ich 
rep resen ts  a s t r a ig h t  u n ifo rm  movement whose 
speed is  in c re a s in g  from  "O" to  5 m/sec w i th in  
3 seconds (compare you draw ing w ith  the c o r re c t  
answ er).
zero
110-1 [ \  Speed (m/sec)
5  -I 
4 - 
3 - 
2 -  
1>' -
Time (sec)
I t  is  p re fe ra b le ,  when draw ing curves
w h ich  are  s t r a ig h t  l in e s ,  to  take  two 
p o in ts  f o r  th a t  s t r a ig h t  l in e ,  from  the  
da ta  g ive n . In  the  p rev iouw  curve in  
frame 109-1, we saw two im p o rta n t p o in ts :  
the  f i r s t  was the  o r ig in  and the  second 
rep resen ts  the end o f the movement ( 3 ,5 ) .  
On th is  b a s is ,  t r y  to  re p re se n t a s t r a ig h t  
movement whose speed is  u n ifo rm ly  in c re a s ­
in g  from  (0 ,1 ) to  ( 4 ,5 ) .  T ry  to  com plete 
the  f ig u r e .  Note th a t the  f i r s t  number 
between the b ra cke ts  rep re se n ts  the  
va lue  o f  tim e and the second one 
rep resen ts  the  v a lu e  o f  speed.
^  Speed (m/sec)
5
4
3
2
1
30 1 2
Time (sec)
1 1 1 -1
A Speed (m/sec)
6 -
5 “
4-
3
2
11
i---------------- 1------------r~
1 2 3 4 5
Time (sec)
On the  f ig u r e  h e re , t r y  to  re p re se n t 
the  movement o f  a body moving in  a 
s t r a ig h t  l in e  w ith  u n ifo rm  speed 
o f 5 m /sec. On the  same curve 
re p re se n t the  movement o f  a body 
moving in  a s t r a ig h t  l in e  w ith  
a u n ifo rm  speed o f 2 m /sec.
Speed (m/sec)
6
5
4
3
2
1
40 1 32
Time (sec)
112-1 Speed (m/sec)
Time (sec)
I f  we have a s t r a ig h t  movement
whose speed is  u n ifo rm ly
ime (sec)decreas ing  from  6 m/sec (a t
zero tim e) and reached r e s t  ( a f t e r
6 seconds), t r y  to  re p re se n t th is
case on the a d jo in in g  f ig u r e .
l \  Speed (m/sec)
1 1 3 -1
Speed (m /sec)4
3 6
5
2
4
31
2
10
Time (sec) —i---------- 1----------1-------- i----1—
1 2 3 4 5 6
Time (sec)
0
Looking a t the  draw ing he re , you
w i l l  see th a t the movement s ta r te d
from  r e s t  (ze ro ) w ith  an in c re a s in g
speed th rough the  second and t h ir d  
seconds, then was steady u n t i l  the 
. . . . . .  second. F in a l ly ,  the  speed
decreased u n t i l  i t  became n i l  in  the
second.
114-1 Now, lo o k  a t  pane l 12; you w i l l  n o t ic e  a s t r a ig h t  
l in e  w h ich rep re se n ts  the  r e la t io n  between the 
d is ta n c e  covered by a ca r and the  tim e needed.
Can you determ ine the  d is ta n c e  covered by the 
ca r in  50 seconds? I t  is  equal to  ..................
f i f t h ,  seventh
115-1 I f  we w ished to  c a lc u la te  the  average speed o f  
the  same ca r w i th in  the  p e r io d  o f  50 seconds, we 
would f in d  th a t  i t  is  equal to  ................m /sec.
500 m
l i s ' - l A f te r  the  ca r has stopped f o r  30 seconds, i t  
moved f o r  10 seconds and covered the d is ta n c e  o f
10
116-1 I f  we w ished to  c a lc u la te  the average speed o f the  
ca r w i th in  the  whole p e r io d  o f tim e (90 seconds), 
we shou ld  f in d  th a t  i t  is  equal to  . . . . . . . . .
100 m
117-1 Look a t  panel 13; you w i l l  see a curve w h ich 
rep re se n ts  the  r e la t io n  between tim e  and the  speed 
o f  a c a r . There are  th re e  stages in  the  movement 
o f  the  c a r. In  stage ( I )  the speed was in c re a s in g ;
in  stage ( I I )  the  speed was ...........................; and in
stage I I I  the  speed was ................
6 , 66 m/sec
o r
20 ,—  m/sec
3
118-1 E a r l ie r ,  we saw th a t  i f  the  speed was cons tan t ( i . e .  
the  speed has a f ix e d  v a lu e ) ,  th a t  the  d is ta n c e  the 
ca r covers w i th in  a c e r ta in  p e r io d  o f tim e would be 
equal to  the p ro d u c t o f the speed m u lt ip l ie d  by the  
tim e needed. Stage I I  re p re se n ts  a u n ifo rm  movement. 
Hence the d is ta n c e  covered by the  ca r in  t h is  stage
c o n s ta n t,
decreas ing
i
119-1 N o tic e  th a t  the  d is ta n c e  covered (1200m) is  the
p rodu c t o f the two s ides o f  the  re c ta n g le  which
rep resen ts  stage I I ,  i . e .  40m x 30 sec = 1200 m.
sec
We a lrea dy  know th a t  the  p rodu c t o f the two 
dimensions o f the  re c ta n g le  ( le n g th  x w id th )  
re p resen ts  the  ......................  o f the  re c ta n g le .
40 x  30 = 1200
120-1 Th is  means th a t  the  area between the  (tim e-speed) 
curve and the tim e a x is  rep re se n ts  the  d is ta n c e  
covered by the body. On th is  b a s is  we can c a lc u la te  
the  d is ta n ce  covered by the  ca r d u r in g  stage I .  T h is  
can be done by c a lc u la t in g  the  area between the  
(speed-tim e) curve and tim e a x is  w h ich is  the  
area o f the re c ta n g le  (ABE) and w h ich  is  equal to  
h a l f  the area o f the re c ta n g le  .......................
area
121-1 Since the  area o f  the re c ta n g le  AFBE is  equal to  
. . . .  m, th is  shows th a t  the a re a .o f  the t r ia n g le  ABE 
is  equal to  .........m; a va lu e  w h ich re p re se n ts  the
AFBE
d is ta n c e  covered d u rin g  stage I .
122-1 S im i la r ly ,  we can c a lc u la te  the  d is ta n c e  covered 
by the ca r d u r in g  stage I I I  by c a lc u la t in g  the  area
o f  re c ta n g le  (GCHD) w h ich is  equal t o ........... m
from  which we can c a lc u la te  the  area o f  t r ia n g le  
(CDG) which is  equal to  ......... m
40 x 20 = 800
800 -  400 
2
123-1 I t  is  n o t necessary to  c o n s tru c t a re c ta n g le  over 
the  t r ia n g le ;  i t  w i l l  be enough to  m u lt ip ly  the  
two p e rp e n d ic u la r s ides o f the  t r ia n g le  and then 
d iv id e  the  p ro d u c t by 2. Thus we can o b ta in  the  
d is ta n ce  covered by the  moving body d u rin g  the  
u n ifo rm  and v a r ia b le  p a r ts  o f  i t s  movement.
Always remember th a t  the  area between the  (speed­
tim e ) curve and tim e a x is  re p re se n ts  the  ................
covered by the  body.
I,
40 x 40 = 1600
1600 = 8 0 0  
2
124-1 We have seen th a t  the  d is ta n c e  covered by the  ca r 
through stage I  is  400m; th rough  stage I I  is  
1200m; and in  the  la s t  stage ( I I I )  is  800m.
Thus the t o t a l  d is ta n c e  covered by the  ca r would
d is ta n c e
125-1 Looking aga in  a t  panel 13, we see th a t  the t o t a l  
tim e needed fo r  the  whole movement d u r in g  i t s  
th re e  stages is  ................ seconds.
2400m
126-1 I f  we wished to  c a lc u la te  the  average speed o f the 
ca r d u r in g  the  th re e  stages o f  i t s  movement, we 
can use a fo rm u la  i . e .  Average Speed = ..................
90
127-1 We have a lre a d y  c a lc u la te d  the  t o ta l  d is ta n c e  to  
be 2400m, a ls o  we have deduced the  t o t a l  tim e 
needed to  cover the t r i p  from  pane l 13, and which 
is  equal to  90 seconds. Then, s u b s t i tu t in g  these 
va lues in  the  pireceeding fo rm u la  we s h a l l  f in d  th a t  
the average speed o f the ca r d u r in g  i t s  th re e  stages
T o ta l d is ta n c e  
covered.
T o ta l tim e 
needed
128-1 Now lo ok  a t pane l 14 which re p re se n ts  the  speed 
w ith  which a body moves in  4 seconds. The curve 
re p resen ts  the  average speed o f the  body in  every 
second. The d is ta n c e  covered by the  body w i th in  
the  f i r s t  second is  3m, and th e  d is ta n c e  covered
w ith in  the  second second is  ......... ; and th a t
covered d u rin g  the  th i r d  second is  . . . . . . ;  w h ile
the  d is ta n ce  covered d u rin g  the  fo u r th  second is
2400 80 , --------= —  m/se<
90 3
129-1 Thus the  t o ta l  d is ta n c e  covered by the  moving body 
w ith in  the fo u r  seconds i s ........... ..
4m, 2m, lm
130-1 Since the  t o t a l  d is ta n c e  is  10m, and s in ce  i t  was 
covered w i th in  a t o t a l  tim e o f  4 seconds, then the 
average speed o f the moving body is  ..............
10m
131-1 Now, lo o k  a t  pane l 15 w h ich re p re se n ts  th e  speed 
o f  a c y c l is t  when moving fo r  8 seconds. The 
d is ta n c e  covered d u rin g  the  f i r s t  th re e  seconds 
is  equal to  .........
2 .5  m/sec
1 3 l ' - l Thus the  d is ta n c e  covered by the  c y c l i s t  d u r in g  the  
seconds ( fo u r th ,  f i f t h  and s ix th )  is  . . . . .
3m
II
131 -1 Then the d is ta n c e  covered by the  c y c l i s t  d u r in g  th e  
la s t  two seconds is  equal to  . . .
6m
Til
131 -1 Thus the  t o t a l  d is ta n c e  covered by the  c y c l is t  
d u rin g  8 seconds is  . . . . . .
2m
It IT
131 -1 Since the t o t a l  d is ta n c e  w h ich is  11m is  covered 
w i th in  8 seconds; then the  average speed is  equal
11m
132-1 Now, t r y  to  so lve  the fo llo w in g  examples:
In  one o f the  horse  races o f  the  Knighthood and 
H unting  Club o f  Kuwait the w in n in g  horse covered 
the  d is ta n c e  o f  the  race (which is  1200m) in  one 
m inu te . Thus the  average speed o f the  horse would 
b e .............. m /sec.
11 , ------ m/sec
8
t
133-1 I f  a passanger j e t  p lane covered the  d is ta n c e  
between Kuw ait and B e iru t  (1050 km a p a rt)  in  
1 | hou rs , th is  means th a t  the  p lane  moved w ith  
an average speed equal to  . . . . . . . .
1200 = 20 
60
134-1 I f  the speed o f  a sh ip  is  16 km /hr then the  tim e 
needed to  cover the d is ta n c e  between Kuwait 
p o r t  and Manama p o r t  in  B ahra in  (384 k ilo m e te rs  
a p a rt)  is  ........... h r .
700 km /hr
135-1 A man heard the  sound o f  thunder e x a c t ly  a f te r  4 
seconds a f te r  seeing the  f la s h  o f l ig h tn in g .  I f  
th e  speed o f  sound in  a i r  is  320 m/sec,  then the  
p o s it io n  o f the  thunder is  . . . . .  m away from  the  
man. (Assume here th a t  the  tim e  re q u ire d  by l i g h t  
is  n e g l ig ib le ) .
24
i
1351- !
Q
I f  the  speed o f l i g h t  is  3 x 10 m/sec and the  sun 
is  1 .5  x  10 kms a pp ro x im a te ly  away from  us , then 
th e  tim e needed f o r  l i g h t  to  reach us is  . . . . .  secs 
o r ......... m inu tes .
1280
136-1 I f  the  d is ta n c e  between the
, , • Ca cathode and the  screen m  a
cathode ra y  tube is  30 cms E
and the e le c tro n s  (which
are e m itte d  from  the cathode)
cover th a t  d is ta n c e  in  0.05 m icros
speed w ith  which the e le c tro n s  mo\
(1 second = 1 m i l l io n  m icroseconds
thode
3 0 .cm 1 $ 
8
seconds, then  the  
re is  equal to
0
500, 25 
3
o r (8 .33)
R e fe r to  
pane l 15a
137-1 The ra d iu s  o f the o r b i t  o f  a s a t e l l i t e  is  7 .6  x 
10 m. I f  t h is  s a t e l l i t e  moves w ith  a speed o f
3
8 x  10 m/sec around the  e a r th ,  then the  tim e  needed 
fo r  th is  s a t e l l i t e  to  accom plish one round re v o lu t io n  
o f  e a rth  is  ................
6 x  10^ 
R e fe r to  
pane l 15b
138-1 The average speed o f  the e a rth  in  i t s  o r b i t  around 
the sun is  105000 km s/h r. Hence the  d is ta n c e  
covered by the  e a rth  w i th in  one week is  equal to
5.971 x  10 secs 
R e fe r to  
panel 15c
139-1 A space sh ip  moved w ith  an average speed o f 30000
km s/h r, heading f o r  M ercury. I f  the  le n g th  o f  the
t r i p  is  75 m i l l io n  kms, then the  space sh ip  would
need a tim e equal to  .........  h rs  to  cover th is
d is ta n c e .
140-1 End o f the F i r s t  Concept, (Speed)
1764 x 10 kms 
R e fe r to  
pane l 15d
25 x 10 . 
R e fe r to  
pane l 15e
Chapter 2 
VELOCITY
OBJECTIVES
After the pupil has studied this concept, we hope that he will be
able to:
(1) D e fine  v e lo c i t y .
(2) S ta te  the u n its  o f  v e lo c ity  ( in  S . I . U . ) .
(3) C la s s ify  s c a le r  and v e c to r  q u a n t i t ie s .
(4) D e fine  average v e lo c i t y .
(5) C a lc u la te  average v e lo c i t y .
THE SECOND CONCEPT
"Velocity”
Frame
No. Stimulus Response
1-2 L e t us see i f  you have remembered the  d if fe re n c e  
between d is ta n c e  and d isp lacem ent. Look a t pane l 15 f 
You w i l l  see th a t  the d is ta n c e  covered by the  ca r on 
moving from  Mina A bda liah  to  the Borkan, pass ing
through  A l-J a h ra , is  the  le n g th  o f t h e ...........................
the  car fo llo w e d .
2-2 W hile  the  d isp lacem ent o f  the  ca r on i t s  t r i p  is  the  
s h o r te s t d is ta n c e  between Mina A b da liah  ( th e  p o in t  
o f  s t a r t  o f  the  movement) and A1 Borkan (th e  p o in t  
o f  the end o f  the  movement), the  s h o r te s t d is ta n c e  
between the  b e g in n in g  o f  the  movement and the  p o in t  
o f  the end o f  the movement is  c a lle d  the  
d is ----------------
t ra c k  ( ro u te )
3-2 We have in tro d u c e d  s c a lo r  and v e c to r  q u a n t i t ie s ;  
we described  a s c a lo r  q u a n tity  as the  q u a n t ity  
which has a va lu e  w ith o u t ta k in g  d . . . . . . . . . . . . .
in to  c o n s id e ra t io n .
d isp lacem ent
4-2 W hile  a v e c to r  q u a n tity  was describ ed  as the
q u a n tity  which has v a lu e , ta k in g  ....................... in to
c o n s id e ra tio n .
d i r e c t io n
5-2 Values c o n s is t o f  numbers and u n its  i . e .  i f  the  room 
tem pera ture  is  20 degrees C en tig rade , then th is
va lu e  c o n s is ts  o f  a number w h ich is  .................... .. and
a u n i t  w h ich is  .........................
d ir e c t io n
6-2 I f  an aerop lane speed a t a c e r ta in  in s ta n t  was 
150 m /sec . ,  then  the  v a lu e  o f  the  aerop lane speed
c o n s is ts  o f  a number w h ich is  .................... and a u n i t
w h ich  i s ...........................
20, degrees 
C en tig rade
■7-2 In  the la s t  example we gave i t s  speed as 150 m/sec. 
Th is  va lue  g ives the  number o f  metres th a t  the  p lane 
tra v e ls  in  one second, b u t we d id n ’ t  take  in to  
c o n s id e ra tio n  the  d ir e c t io n  th a t  the p lane  fo llo w e d , 
w h ile  when we do t h is ,  we c a l l  i t s  speed v e lo c i t y  
i . e .  speed in  a c e r ta in  d i r e c t io n .  Thus speed in  a 
c e r ta in  d ire c t io n  is  c a l le d  ....................
150, m/sec.
8-2 The d e te rm in a tio n  o f  speed d ir e c t io n  o r  what we c a l l  
v e lo c it y  is  ve ry  im p o rta n t in  everyday l i f e ,  
p a r t ic u la r ly  f o r  planes and s h ip s . Here the  p i l o t  a ls
has to  determ ine the  ......................  a t w h ich the
vesse l moves in  a d d it io n  to  the  va lue  o f  i t s  
speed.
3
v e lo c i t y
9-2 The d ir e c t io n  in  w h ich a space sh ip  moves is  as 
im p o rta n t as th e  speed w ith  w h ich i t  moves. Any 
sm a ll e r ro r  in  d ir e c t in g  the  s h ip ’ s pa th  w i l l  
le ad  the  sh ip  to  la n d  on an in a p p ro p r ia te  p lace  
w h ich  cou ld  lead  to  a ca ta s tro p h e . Thus we shou ld  
pay a t te n t io n  to  the  d e te rm in a tio n  o f  the  
d ir e c t io n  o f  a moving body in  a d d it io n  to  the  
d e te rm in a tio n  o f  the  va lue  o f  i t s  .................... ..
d ir e c t io n
10-2 Two c a rs , one o f  w h ich is  moving a t a speed o f  
50 Kms/hr N o rth  and the o th e r  o f  w h ich is  moving a t 
a speed o f  50 Kms/hr East  have ( d i f f e r e n t / s im i la r )  
v e lo c i t ie s ,  a lthough  they have the  same va lu e  o f 
speed.
speed
11-2 The c y c l is t  who moves around a c i r c u la r  race ya rd  
can move w ith  a constan t speed, b u t h is  v e lo c it y  
is  (ch a n g in g /n o t changing) w h ile  he is  changing the  
d ir e c t io n  o f  h is  movement.
d i f f e r e n t
12-2 So, i f  we jo in e d  d ire c t io n  to  a s c a lo r  q u a n t ity ,  i t  
would become a v e c to r  q u a n t ity .  Thus a v e c to r  
q u a n t ity  c o n s is ts  o f  a s c a lo r  Q u a n tity  and ................
changing
13-2 I f  we s a id  th a t  a car moves w ith  a speed o f  25 m/sec. 
then  what we have done is  to  express speed by a 
s c a lo r  q u a n t ity  w ith o u t ta k in g  d ir e c t io n  in to  
c o n s id e ra t io n . But i f  we s a id  th a t  the  ca r is  
moving w ith  a v e lo c i t y  o f  25 m/sec. n o r th ,  then we
have expressed the  v e lo c it y  as be ing  a ......... .............
q u a n t ity ,  f o r  we took  d ir e c t io n  in to  c o n s id e ra t io n .
d ir e c t io n
14-2 In  the  example g ive n  in  Frame 13-2 you w i l l  n o t ic e  
th a t  speed is  o n ly  the  va lue  o f  v e lo c i t y ,  f o r
v e lo c i t y  c o n s is ts  o f  a number w h ich is  ................ and
d ir e c t io n  w h ich  i s . . . . . . . ...........
v e c to r
15-2 We can see th a t  the q u a n t ity  50 Km/hr is  a ..................
q u a n t ity  w h ile  the  q u a n t ity  25 Km/hr eas t is  a
25 m /sec, 
N o rth
16-2 A ls o , the  q u a n t ity  20 m/sec. is  a ......................
q u a n t ity  w h ile  the  q u a n t ity  5 Km south is  a
s c a lo r ,
v e c to r
17-2 In  the  fo llo w in g  q u a n t i t ie s ,  can you u n d e r lin e  ones
w hich are vec to rs?  17°C, 5 cm s/sec. west,
340 Kms sou th , 620 cms , 0 .15  gms, one m inute  and
2te n  seconds, 20 cms , 7 p e n c ils ,  12 m/sec. n o r th ­
e a s t.
s c a lo r ,
v e c to r
18-2 I f  you are g iven  the  fo llo w in g  q u a n t it ie s  can you
3
u n d e r lin e  the  s c a lo r  ones? 20 m / s e c . ,
800 Kms/hr south  e a s t, 17 m/sec n o r th ,  14 m,
12 h rs ,  70 cm/m inute sou th , 9 m e a s t .
5 cms/sec west
40 Kms south
12 m/sec n o rth  
east
19-2 What k inds  o f  measurement do the fo llo w in g  
q u a n t it ie s  correspond to? 300 Kms, 20 Kms/hr e as t ,  
4 m /sec . ,  300 m west.
3
20 m /sec
l 4  m
12 hrs
20-2 V e lo c ity  o f  a body m ight be e i th e r  u n ifo rm  o r  
v a r ia b le .  I f  th e  speed and d ir e c t io n  o f  a-moving 
body were kep t co ns tan t in  a s t r a ig h t  l in e ,  i t s  
v e lo c it y  would be described  as u n ifo rm ; i f  a body 
moved w ith  a u n ifo rm  v e lo c ity  th is  means th a t  i t s  
speed and the  d ir e c t io n  o f  i t s  movement keep
d is ta n c e , '
v e lo c i t y ,
speed,
d isp la cem e n t. 
( I f  you 
c o u ld n ’ t  
recogn ise  
d is ta n c e  o r  
d isp lacem ent 
r e fe r  to  
pane l 15 g)
21-2 As long  as the  movement o f  bod ies changes bo th  
speed and d ir e c t io n ,  then v e lo c i t y  is  n o t 
u n ifo rm  and we u s u a lly  use the  exp ress ion  average 
v e lo c ity  to  denote .................... .. v e lo c i t y .
co n s ta n t
22-2 Look a t panel 16 which rep resen ts  the  movement o f  a 
ca r moving from  p o in t  A in  a w e s te r ly  d ir e c t io n  a t a 
speed o f  40 Kms/hr f o r  £ h r . ,  i t  then moved from  
p o in t  B southwards to  ano the r p o in t  C fo r  ano the r 
£ hour a t  a speed o f 30 Km s/hr. The d is ta n ce  
covered by the  ca r is  . . . . . . . . . .
v a r ia b le
23-2 I f  you used a r u le r  to  measure the  d isp lacem ent 
o f  the ca r between the  s ta r t  and i t s  d e s t in a t io n ,  
(as in  pane l 16) you w i l l  f in d  th a t  the
disp lacem ent is  ......................  (pay a t te n t io n  to  the
sca le ) .
35 Kms (see 
panel 16a)
24-2 Hence the  average speed o f the  ca r from  the  s ta r t  to  
th e  f in a l  d e s t in a t io n  is  equal t o ......................
25 Kms south 
west  (see 
pane l 16b)
25-2 But to  c a lc u la te  the  average v e lo c it y  f o r  th is  c a r, 
we d iv id e  the r e s u lt in g  d isp lacem ent by the  t o t a l  
tim e  needed i . e .  ( j u s t  g ive  the  r e la t io n  w ith o u t 
a s u b s t i t u t io n ) .
Average v e lo c ity  = — - ---------------------
35 Km s/hr 
(see pane l 
16c)
26-2 C ons ide ring  th a t  we c a lc u la te d  the d isp lacem ent to  
be 25 Kms so u th -w e s t, and the  t o t a l  tim e  needed f o r  
t h is  d isp lacem ent to  take  p lace  is  one h o u r, then  
th e  va lue  o f  average speed is  equal t o ..................
d isp lacem ent 
t o t a l  tim e
needed
27-2 The va lue  o f  average speed o f  a moving body is  
c a lc u la te d  from  the r a t io  o f  the  t o ta l  d is ta n ce  
covered to  be t o t a l  tim e  needed w h ile  the  va lu e  o f  
th e  average v e lo c ity  is  c a lc u la te d  from  the  r a t io
d ir e c t io n  in  the  answ er).
25 Km s/hr 
sou th -w e s t 
(see pane l 
16d)
'
From th is  i t  is  obvious th a t  d is ta n ce  and 
average speed are cons idered  s c a lo r  q u a n t i t ie s ,  
w h ile  d isp lacem ent and average v e lo c i t y  are  
considered  . . . . . ...................q u a n t i t ie s .
the
displacement
L e t ’ s take  ano the r example from  w hich we s h a l l  be ab le  
to  see the  d if fe re n c e  between average speed and 
average v e lo c i t y .  Look a t pane l 17 w h ich 
re p resen ts  a c y c l is t  heading n o r th  a t  a speed o f  
15 Kms/hr f o r  10 Kms, then go ing  east a t  a speed 
o f  20 Kms/hr f o r  ano the r 10 Kms. Hence the  
average speed o f the  c y c l is t  is  ..............
v e c to r  ( i f ’ 
you d id n ’ t  
know the  answer 
go back to  
fram e 3-2 )
I f  you were asked to  c a lc u la te  the  average 
v e lo c it y  o f  the  c y c l i s t ,  then you have f i r s t  to  
c a lc u la te  the t o ta l  d isp lacem ent w h ich is  equal 
to  .........................
120 Kms / h r .
/ o r
17.14 Kms/hr, 
(see panel 
17a)
Then we can c a lc u la te  the  average v e lo c i t y  from  the  
fo rm u la :
Average V e lo c ity  = * V  *
14.14 Kms 
e a s t-n o r th  
(see pane l 
17b)
Hence, the  va lue  o f  average v e lo c i t y  is d isp lacem entt o t a l  tim e  
needed
33-2 Look a t  panel 18 and t r y  to  so lve  the  fo llo w in g  
p ro b le m :-
(ABCD) is  a square whose s id e  is  100 m lo n g . A man 
walked eas t from  (A) to  (B) then south to  (C) and 
a t la s t  reached (D) a f te r  a t o t a l  o f  2 m inu tes .
Thus the  t o t a l  d is ta n ce  covered by the  man i s ..............
12.12 Km /hr. 
e a s t-n o r th  
(see panel 
17c)
34-2 And the  man's d isp lacem ent is  .................. 300 m
35-2 Thus h is  average speed is  ........................... 100 m south  
( d o n ' t  fo rg e t  
the
d ir e c t io n )
36-2 W h ile  h is  average v e lo c it y  is  ......... ............. 150 cm/sec. o r  
2 .5  m/sec.
37-2 T ry  th is  exam ple:-
A ra c in g -c a r  covered the  d is ta n ce  o f  10 Kms west 
w ith  a speed o f 400 K m s/h r., when t r a v e l l in g  in  the  
same d ire c t io n  as the  w ind . On i t s  re tu rn  to  the  
e a s t i t s  speed was 300 Km s/hr. Th is  means th a t  
i t s  average speed i s ....................
50 m s/m inute 
sou th  ( d o n ' t  
fo rg e t  the  
d ir e c t io n )  o r
— m/sec south  6
(see pan e l 18a)
38-2 W hile  i t s  average v e lo c ity  is  equal to  .................... Km s/hr.
o r
342.8 Km s/hr. 
(see pane l 19)
39-2 Now we can revise the preceeding points in the 
velocity concept; we defined distance as the track 
or route that the moving body follows, while 
displacement was defined as the shortest distance
between the .............. of the body movement
and its ............
zero,
because the 
displacement 
= 0.
A
v
40-2 We defined also acalor and vector quantities; 
if we took direction into consideration with 
quantities then we call t h e m ...........quantities.
starting point, 
point of 
destination.
41-2 If quantities did not contain direction, then we 
call t h e m ............ quantities.
vector
42-2 If you were given the following quantities: 12 m  east,
3 o 
45 m  /sec, 10 cms/sec, 29 C, 2m/sec south west.
Underline the vector quantities.
scalor
43-2 Speed in a certain direction is known as .............. 12 m  east,
2 m/sec south­
west.
44-2 Velocity is speed in a certain direction; it is 
either uniform or .............
velocity
45-2 If both of the speed of the moving body and its 
direction kept constant in a straight line, velocity 
is then described as .........
variable
1
46-2 When a car moves with a constant speed of 
20 m/sec, and keeps heading northwards during its 
movement, then we can say this car is moving with
the type of velocity)
uniform
(constant)
47-2 If the speed of a moving body,which moves in a 
fixed direction, changed; its velocity is
described as ........... (It is called the average
velocity)
i .
uniform
(constant)
48-2 But if a car'moved with constant speed but.in a 
variable direction, then we can say that this car 
is moving with ............. velocity.
variable
(changing)
49-2 In general, we can calculate the average velocity 
from the formula:
Average Velocity = ---------------
variable
50-2 A  bus starts from the main centre and moves from one 
station to another during its trip, changing its 
speed and also its direction. If the bus 
returned to the main centre after exactly two 
hours, calculate its average velocity, if the 
total distance covered by the bus in his 2-way 
trip is 18 Kms. Average velocity is .............
displacement
total time
needed
I
51-2 Now, what is the average speed of the car? ...... zero (because 
displacement 
is zero.
52-2 End of the second concept (velocity). 9 Kms/hr.
Chapter 3 
ACCELERATION
UJ3U l X V & O
After the pupil has studied this concept, we hope that he will be able to:
(1) Define uniform acceleration
(2) Define variable acceleration
(3) State the units of acceleration
(4) Calculate the magnitude of uniform acceleration from a block
graph made from time-tapes (graphically represented)
(5) Calculate the slope of the curve (speed-time)
(6) Deduce the relationship between acceleration and slope of
the curve (speed-time)
(7) Calculate the acceleration from a graph, when:
a. the change in speed is increasing uniformly with time
b. the change in speed is decreasing uniformly with time
c. the speed is constant with time
(8) Calculate the distance traversed by a moving body from a
graph (which represents a uniform acceleration of a moving 
body) by using mean speed formula or any other formulae
(9) Deduce the relationship between distance traversed by an 
object moving in a uniform acceleration, its initial speed, 
its acceleration and the time required to traverse that 
distance
(10) Solve problems using the formulae which include the relationship 
between distance traversed by an object moving in a uniform 
acceleration, acceleration and both initial and final speeds
(11) Calculate the total stopping time, total stopping distance, 
thinking distance, stopping distance, and stopping time
(12) Calculate the acceleration due to gravity practically, by 
using a stroboscope
(13) Solve problems on free falling objects, by calculating the 
final speed, time required to arrive to the maximum height, 
ascending and descending times, and the maximum height of 
the thrown object
THE THIRD CONCEPT
"Acceleration11
Stimulus Response
1-3 You have seen previously that variable speed changes 
in value instantaneously. We called the speed at a 
certain instance the ....... ..
i
2-3 You also saw that the value of the instantaneous 
speed changes either increasingly or ..............
instantaneous
speed
3-3 If the driver of a car wished to overtake another 
car travelling in front of him and he only presses 
the accelerator gradually, then the carTs speed 
will gradually increase as indicated by the speed­
ometer. In this case, it is said that the driver 
has accelerated the car i.e. he increased the .......
of the car.
decreasingly
4-3 If the speed of the car increased, then we would say 
that the car has an accelerated movement which means 
that the value of the speed has ........
speed
5-3 But if the driver wished to decrease his speed 
because of crossroads, or drawing nearer to a traffic 
light, he first lifts his foot off the accelerator 
then uses the brakes which leads to a gradual
increased
t
decrease in the car’s speed (as will be indicated 
by the speedometer in front of him). In this case, 
it is said that the driver has slowed down the car 
i.e. he has decreased the car’s ..........
6-3 If the speed of the car becomes less, then it is said 
that the car is decelerating. This means that the 
value of the car’s speed has ..........
speed
1.
7-3 If the value of the car’s speed increased instantan­
eously, we usually say that the car is having an
decreased
8-3 If the value of the car’s speed decreased instantan­
eously, we usually say that the car is have a
accelerated
9-3 The change in the value of speed (if increasing) is 
called acceleration. For example, if the speed of 
an aeroplane at a certain instance is 750 km/hr and, 
after one second, becomes 760 kms/hr, this means that 
the change in the value of speed, in one second, which
is what we called acceleration, is equal to .......
per second.
decelerated
10-3 The change in the value of a speed (which is 
decreasing) is called the deceleration. For example, 
if the speed of a cyclist is 12 m/sec and becomes, 
after one second, 10 m/sec., this means that the 
change of speed in one second (which we called 
deceleration) is equal to .........
10 kms/hr
11-3 The change of speed of a moving body in unit time 
(whether accelerating or decelerating) is generally 
called the acceleration of the moving body. Thus 
acceleration is defined as the amount of change of
2 m/sec 
per sec
12-3 To differentiate between acceleration and deceleration 
we put a (+) sign in the case of acceleration and a (-) 
sign in the case of .........
speed, 
unit time
13-3 Let us have a closer look, for example, at the two 
amounts, 10 km/hr per sec and 2 m/sec per sec. You 
shall see that each one has two units : one for speed 
and the other for time. The first amount has a speed
unit which is ........... and the second amount has a
speed unit which is .............
deceleration
14-3 In both previous cases we used a further time unit
which is the ............ , in addition to the speed
unit.
km/hr , 
m/ sec
15-3 This shows that the acceleration unit should consist 
of a speed unit and a time unit (in other words one 
length unit and two time units). In order that the 
acceleration unit is not too complicated, we use 
for simplicity two similar time units. For example, 
in the example 2 m/sec per sec., the two similar time 
units are ............. .
second
16-3 We may write the' acceleration unit m/sec per second
2
as follows: m/sec/sec or m/sec . The quantity
2 . . 2
5 m/sec indicates an acceleration of value 5 m/sec
and the type of acceleration is inferred from the sign 
preceeding the quantity. Since the sign is not written 
we assume that this means that it is (+) i.e. the 
acceleration is acceleration/deceleration.
second/second 
or
sec/sec
17-3
2 .
The quantity-3 m/sec indicates an acceleration whose 
2
value is 3 m/sec and that this acceleration is 
acceleration/deceleration.
acceleration
18-3 Acceleration and deceleration can be uniform or 
variable. Whether the speed of the uniformly moving 
body increased or decreased, we say that the body is 
moving with a ............. acceleration.
deceleration
19-3 If the speed of a body moving with variable speed is 
decreased or increased, then we can say that the body 
is moving w i t h ....... acceleration.
uniform
20-3 If a car’s speed increased from 50 km/hr to 75 km/hr 
within 5 seconds, then the total increase of speed 
in 5 seconds is .........
variable
21-3 Usually when we calculate acceleration, we look for 
the change of speed in unit time. Since the total 
change of speed (which is 25 km/hr) occurred in 
5 seconds, this means that the change of speed in 
one second is equal to .........
25 km/hr
22-3 Remember that the amount of change of speed in one 
second is what we previously called .......
5 km/hr
23-3 This value (in our earlier example, 5 kms/hr per 
second) can be called the average acceleration, for 
we do not have any proof that the car’s speed was 
uniformly increasing, i.e. its speed merely increased 
5 kms/hr in every second that followed the preceeding 
one. If the increase or decrease in the value of
speed is variable we use the expression . .. .........
to denote this change.
acceleration
24-3 Whether the acceleration is uniform or variable, we 
generally use the following formula for the 
determination of acceleration:
. . change of speed 
acceleration (a) - ----  . - - -
time needed for this change 
We can use the symbol (a) instead of (a) to denote the 
average acceleration. This happens when the accelera­
tion is .......
the average 
acceleration
25-3 In this course, we are going to discuss the simplest 
form of accelerated movements, namely the uniformly 
accelerated movement in a straight line. We have 
already explained what we mean by uniformly 
accelerated movement. If the change of the value of 
speed was uniform, i.e. (the speed value increases 
or decreases constantly in equal periods of time), 
we can then say that this change of speed value is
variable
26-3 Suppose that the person sitting beside the driver of 
a car was recording the readings of the speedometer 
every second for the five seconds. If these readings 
were respectively 50, 55, 60, 65, 70 and 75 km/hr 
(where speed = 50 km/hr at zero time), look at 
panel 20 then draw the curve that represents this 
movement.
uniform . ' 
acceleration
27-3 You will have found that the curve which represents 
the accelerated movement of the car is a ........
line.
Compare your 
drawing with 
panel 21
28-3 This straight line shows that the car moved during 
the five seconds in a ........... acceleration.
straight
29-3 Notice that the speed of the car was increasing 
uniformly during its movement at a constant rate 
every second, i.e. its speed was increasing from 
one second to another with an .......... value
uniform
30-3 Hence the uniform acceleration of a body moving in 
a straight line means the occurrence of equal changes 
in its speed during ....... .. periods of time.
5 km/hr
i
31-3 You remember the example in frame (20-3), where the equal
initial speed = 50 km/hr, the final speed V£ - 
75 km/hr, and the time needed for this change is t = 
5 sec. Since the change of speed might be variable 
we calculated the value of the average acceleration
(a) which was equal to ........ km/hr/sec.
32-3 Since the change of speed during (t) time is the 
difference between the values of the initial and 
final speeds (V2 ~V]_) , then we can write the relation 
that links the average acceleration with both the 
change of speed and time as follows:
a = - --------------
5
33-3 In the case of a body being uniformly accelerated
moving in a straight line, where (a)becomes the
, % _  V2-V1 
uniform acceleration (a), the formula a = ------
t
may be written as follows:
• • • • • •
V2- Vx 
t
I.
34-3
V2-V1
The formula a = ------ then represents the case where
.t
the body is moving with a uniform acceleration in a
straight line, and represents .......  while
V2 represents ........
V2-V1
a = ------
t
35-3 You have to pay careful attention to the following 
important point: when we say "the initial" and 
"the final" speed we do not mean that at the beginning 
and end of the b o d y fs movement, but rather the values 
at the beginning and end of the particular period 
being measured. The period of time between the 
initial and final times is thus what we denote as
the initial 
speed, 
the final 
speed
36-3 The moving body might have been moving before we 
measured its initial speed, and quite possibly will 
continue to move after we have measured its final speed 
If a car was moving with a speed = 60 km/hr when the 
driver started accelerating, and reached a speed of 
80 km/hr within 2 seconds, this means that the value
t
of acceleration with which the car moved from the 
beginning of the timing and until the end of the 
timing, is equal to ......
(Do not forget the stadard unit of acceleration).
We have previously seen that in S.I.U. we use the 
meter as the unit of length, and the second as the 
unit of time; thus the unit of speed is .........
and that for acceleration is ...........
10 kms/hr/sec
Since we have defined acceleration as the change of 
speed in unit time, we may denote this change of 
speed by AV (where A is a Latin letter meaning the 
small change which occurs to any variable), and the 
period of time (within which this change took place) 
is by At; thus the formula which links the 
acceleration with both the change of speed and the 
time needed, may be written as follows:
a =
m/sec y 
m/sec^
(If you did 
not know these 
two units, 
see frame 16-3)
AV
The formula a = —  is used when a body moves with 
At
a variable acceleration as its speed changes 
instantaneously, i.e. in very short periods of 
time where the change of speed within such a time 
is also small. If the speed of an aeroplane 
changed uniformly during its take-off from 250 m/sec 
to 260 m/sec during 1/10 sec., this means that the 
acceleration of the plane is ..............
AV
At
40-3 If the speed of a motor-boat increased from 5 m/sec 
to 20 m/sec in 10 seconds; then this means that the 
average acceleration of the motor-boat is equal
2
100 m/sec
41-3 Do this example: a car moved from rest with a uniform
. 2
acceleration of 10 m/sec so that its speed became
40 m/sec after a period of time which is equal to
1.5 m/sec^
42-3 A  cyclist was moving with a uniform speed of 5 m/sec
when he saw another cyclist in front of him.
Because he wanted to overtake that cyclise, he began
2
to accelerate at a uniform value of 1 m/sec and 
could overtake the other cyclist after 3 seconds.
This means that his final speed was ...... . when
he overtook the other cyclist.
4
(see panel 22 
if you failed 
to give the 
correct 
answer)
43-3 Now look at panel 24. You will see a curve which 
represents the movement of an object moving with 
uniform acceleration. Calculate the value of 
the acceleration with which the object moves.
8 m/sec 
(see panel 23 
if you failed 
to give the 
correct 
answer)
44-3 Notice that you can calculate the value of accelera-
V2-V!
tion by using the formula a = ------
t
The acceleration of a moving body whose speed 
increases from zero at the beginning of movement to 
8 m/sec at the fourth second is equal to .......
2
2 m/sec 
(if you knew 
the correct 
answer, move 
directly to 
frame 47-3)
45-3 If the acceleration of the same body was calculated 
between the second and fifth seconds where the 
speed changes from 4 m/sec to 10 m/sec, it would 
be equal to ........
2
2 m/sec 
(see panel 25)
46-3 And the acceleration of the same body between the 
first and sixth seconds where the value of speed 
changes from 2 m/sec to 12 m/sec, it would be 
equal to .........
2
2 m/sec ' 
(see panel 25a)
47-3 From the preceeding frames, we see that the value 
of the acceleration is constant in all the- cases 
for which it was computed. The value of the 
acceleration is only the ratio between the change 
of speed (AV) and the change of time (At). This 
ratio is known as the slope of the speed-time 
curve. The slope of the (speed-time) curve is
the value of ........... of a body which is
accelerating uniformly.
2 m/sec^
(see panel 25b)
48-3 Hence from all the curves that represent uniformly 
accelerated movement, we can calculate the value 
of the acceleration with which a body moves by 
t h e ..............  of the (speed-time) curve.
the
acceleration
49-3 We have previously said that the increase in the 
value of speed is called the acceleration, while 
the decrease in the value of speed is called the
slope
. I
50-3 If a car was moving with a uniform speed of 20 m/sec 
then was uniformly slowed down (by using the brakes) 
until it completely stopped after 4 seconds, then
the value of its acceleration would be ...........
and that of its deceleration is .........
deceleration
51-3 Let us become acquainted practically with uniformly 
accelerated movement by performing the following 
experiment in which we are going to use a trolley 
and an inclined plane. You shall be able to measure 
the value of the uniform acceleration and study the 
relation between the acceleration and the slope of 
the inclined plane.
-5 m/sec^
5 m / s e c ^
(see panel 26)
PRACTICAL LESSON (3)
Calculation of acceleration, and the study of the relation 
between the value of acceleration and the slope of the 
inclined plane.
Instruments
Runway, trolley, ticker-timer, electric mains and adhesive time-tape.
1. Place the runway over your laboratory bench so that it is 
conveniently inclined; this can be done by placing some books 
under one of its ends.
2. Fix the timer-ticker at the upper part of the runway then insert
one end of the timing tape inside the ticker-timer and attach
it to one end of the trolley.
3. Let the trolley run down the runway (starting from the higher end)
The timer ticker will record the movement of the trolley on the
time tape.
Steps
4. Cut the resulting dotted tape into divisions, so that each
division contains 10 interval distances. The length of each
division will thus represent the distance that the trolley 
covered on the runway during a certain period of time (10 strokes 
of the ticker timer) i.e. the average speed within this period
of time.
5. Fix the resulting tape side by side in sequential order on a
sheet of paper so that the bottom of each division lies on the
same horizontal line. Thus you have constructed a plate of 
time tapes which represents the relation between the speed
of the trolley on the inclined plane and time.
Time
L  ---------;---:---- - -- --—  ------- ^
6. Measure the length of each piece of the tape using a ruler. 
The lengths are as follows:
Speed
The length of the first division cms
The length of the second division cms
The length of the third division cms
The length of the fourth division cms
What does the length of each division represent?
7. Record the relation between the speed of the trolley and time 
in a table as follows: (Note that if you do not know the
frequency or the periodic time of the timer ticker, you can 
use the No. of strokes as a substitute)
Time
10
strokes
20
strokes
30
strokes
40
strokes
Speed of 
Trolley
8. Find the increase of the speed of the trolley between every 
two consecutive periods of time. In this experiment the 
speed was as follows:
cm/10 strokes
........  cm/10 strokes
 ..... cm/10 strokes
........  cm/10 strokes
Hence the speed of the trolley was increasing uniformly/variably. 
Conclusion
When an object moves down an inclined plane, it moves with a 
uniform speed/uniform acceleration.
9. Join the centres of the upper ends of the tape divisions on 
the tape graph.
Conclusion
When an object is uniformly accelerated, the curve that represents 
the relation between the speed and time of this body will be a 
straight/curved line.
Calculate the value of the acceleration with which the trolley 
moves down the inclined plane by using the formula:
change of speed
Q. —  ....... . ■■ ■■ —  —  ■" ■ ■
change of time
Results
 ..... cm/10 strokes
.......  cm/10 strokes
 ......  10 strokes
(V2  “ Vp) cm/10 strokes
• • a - ----------------------------- = .....cm/10 strokes
t x 10 strokes
After we have calculated the value of the acceleration, let us ask
if the value of acceleration with which the trolley moves down the
inclined plane changes when the slope of the plane changes? (The
slope of the inclines plane is defined as its vertical height
its horizontal projection
Initial speed (Vp) =
Final speed (V2 ) =
Time needed (At) =
In order to answer this question you can repeat the previous experiment 
once more. This time increase the slope of the inclined plane and 
calculate the value of the trolley*s acceleration on the inclined 
plane as follows:
1. After performing the experiment, divide the tape in the same 
way as after the previous experiment and attach the divisions 
as shown in the figure on the next page; then go on to the 
next steps.
2. Measure the length of the first division on your tape graph.
It will represent the trolley’s initial speed (Vp).
3. Measure the length of the last division on the tape graph.
It will represent the final speed of the trolley (V2 ) .
4. Calculate the period of time the trolley needed to change its 
speed from (Vp) to (V2 ) • The time should be calculated from 
the middle of the first division to the middle of the last 
one. Do you know why?
Results
Initial speed (Vp) = .......  cm/10 strokes
Final speed (V2 ) = ....... cm/10 strokes
Time needed (At) - . .......  10 strokes
acceleration =
(V2  - Vi) cm/10 strokes
t 10 strokes
= .......  cm/10 strokes 10 strokes
Compare this acceleration with that of the previous experiment. 
l\ Speed
Time
------------------------------------------------------------- ;----------- ;—  ----------------------------------------------------------------------------------------- a
General Conclusion
From the previous two experiments we conclude that: if the
slope of the inclined plane increases, then the value of the uniform
acceleration of a body moving on that plane increases/decreases.
Problem
What if the degree of the slope of the inclined plane became 90°? 
i.e. when the body freely falls vertically from rest under the 
influence of the gravitational acceleration? Does the body move
with a uniform acceleration (constant)? ............
What is its value?  .....
52-3 Now that you know how to measure the uniform acceler­
ation of a moving body and the relation of the value 
of this acceleration to the slope of the inclined 
plane, let us look at panel 27 which shows the 
results of one of the experiments. Deduce the 
value of the acceleration from the curve. What 
is its value? ......
•
53-3 The value of the slope of any straight line is 
calculated graphically from the ratio of change 
of the value of the dependent variable (here, it 
is speed AV) to the value of the change of the 
independent variable (here, it is time At). If 
the panel 28 represents the (speed-time) curve of 
a moving object, then the slope of this curve 
between the first and second seconds is equal to
5 cm/sec 
(If you 
could not 
calculate 
the answer, 
go over the 
steps in 
panel 27)
54-3 While the slope of the curve during the last two 
seconds is equal to ....... .
zero
55-3 The value of acceleration during the first two 
seconds is equal to ......
5
56-3 While the value of acceleration during the last
two seconds is equal to .......
(because AV = 10 m/sec, At = 2 sec)
zero
57-3 From the four preceeding frames, you will see that 
the numerical numbers of slope and acceleration are 
equal. This is not extraordinary, for we have seen 
that the slope of the (speed-time) curve is equal 
to t h e ............  of a moving body.
5 m/sec^
58-3 Look at panel 29; you will see that the two curves 
(x,y) represent the relation between speed and time 
of two racing cars (x and y ) . It is obvious from 
the figure that the acceleration of (x) is equal
acceleration
59-3 We also see that the slope of x (which represents the
movement of the first car) is equal to .........  and
the slope of y (which represents the movement of the 
second car) is equal to ........
5 m/sec^ 
2.5 m/sec
60-3 From the results of the last two frames, it is clear 
that the acceleration of the first car is greater 
than the acceleration of the second one, and that 
the slope of (x) is greater/smaller than the 
slope of (y).
5, 2.5
61-3 If we wanted to know the distance covered by the 
first car (x) during the four seconds, this could 
be easily done by looking at panel 29 and making a 
mental calculation; the distance is equal to ......
greater
62-3 Thus the distance covered by the second car (y) 
during the four seconds is equal to ........
40m
If you could 
not get the 
real answer 
refer to 
frame 117-1 
and the 
following 
frames
63-3 The speed of a rocket, starting from rest, becomes 
34560 km/hr within two minutes. This means that 
the rocket was moving with an average speed equal
to ......  m/sec. (Do not forget to change the
given units into the required ones).
20m
64-3 A  train moving with a speed of 36 km/hr, accelerated 
until its speed became 20 m/sec in 5 seconds. This 
means that the train was moving with an accelera­
tion equal to .......
80
(see panel 30)
65-3 If the train continued to move with the same 
acceleration, then its speed after three seconds 
will become .........
2 m/sec^
(see panel 31)
66-3 When a football player kicks the ball, changing its 
speed from zero to 20 m/sec, within 0.2 sec., the 
ball moved with an accleration equal to ........
26 m/sec 
(see panel 31a
A car moving with a speed equal to 25 m /sec was 
retarded until it stopped after five seconds.
Here the acceleration is equal to ........
Now try this problem: An aeroplane landed on a
runway. Its speed was 40 m/sec at the moment of
touching the runway, then it was uniformly slowed
2
down with a deceleration of 0.5 m/sec . Thus 
its speed after 10 seconds was .........
If the aeroplane continued to move with the same 
deceleration then it will stop after a time of 
........... after it originally touched the runway,
20 ion / 2— — r- = lOOm/sec
\J •
0-25 , , 2
  = -5m/sec
(Do not forget 
the sign)
35 m/sec 
(see panel 32)
We hope that you still remember the discussion 
about how to calculate the average speed of a 
uniformly moving body. If the body covered a 
certain distance and stopped after a certain 
time, then its average speed is calculated as 
the ratio of ....... to
80 seconds 
(see panel 32a)
71-3 Now we are going to become familiar with a new 
expression which is called mean speed. We shall 
use this expression only in case of objects moving 
with uniform acceleration. You must realize that 
mean speed is different from average speed. When 
a body moves with a uniform acceleration, starting 
with an initial speed (V-^ ) and reaching a final 
speed (V2) > then its mean speed (V) is given by 
the formula:
total distance 
covered, 
total time 
needed
t
V  —
72-3
V 1 + V 2
This formula V = enables us to calculate2
the mean speed if the initial speed (V^) and the
Vl + v2 
2
73-3 Looking at panel 33, you see a curve representing
the relation between the speed and time for a
moving body which is uniformly accelerating,
starting with an initial speed and reaching a
?
final speed V2 during (t) time. If (0 ) was the 
midpoint of (AC), then you see that the two
t  t
triangles (0 AB) and (0 CD) are equal/unequal.
final speed
74-3 The equality of the two triangles means that in 
order to calculate the distance (D) which is 
covered by the moving body (and which is represented 
by the area under the speed-time curve), we have 
only to calculate the area of the rectangle (OBDE) 
instead of calculating the area of trapezium
(OACE), i.e. D = ........ ......
(Complete the formula in terms of mean speed 
"V" and time "t")
equal
1;
75-3 This formula D = V x t enables us to calculate 
the distance-covered by a body moving with uniform 
acceleration. If a car moved from rest and reached 
a speed of 20 m/sec during a five minute period, 
then the distance covered by the car is equal 
to ........
V x t
76-3 We now have the formulae that represent the movement 
of bodies which are subject to acceleration:
_ _ V 2 - Vl - V X + V 2 
a ...(1) V — ...(2) 
t 2
and D = V x t ... (3)
Can you find a single formula that links all of 
D, V-^ , a and t? (Try to derive it on an extra sheet 
of paper).
50m
(see panel 34)
77-3
2
The formula is: D = V]_ t + | a t ...(4)
which enables us to solve some problems without 
using several separate formulae. If a car moved
O
from rest and was accelerated uniformly at 4 m/sec 
then after five seconds it would have covered a 
distance of ........
D = V xt+£at2 
(see panel 35)
78-3 In panel 36 you will have noticed that when a body 
starts from rest, formula (4) becomes as follows:
D = I at since = 0
This formula shows that the distance is directly
proportional to the ......... of time.
50m
(see panel 36)
79-3 This shows that the distance covered by a body moving 
with uniform acceleration starting from rest is 
directly proportional with the ......  needed.
square
80-3 Look at panel 37. You will see that, in order to 
calculate the distance covered by a body moving with 
uniform acceleration, starting from an initial 
speed (V^) arid reaching a final speed (V2 ) during 
(t) time, we have to calculate the value of
square of time
81-3 In panel 37, you will notice that the area under 
the (speed-time) curve consists of a triangle 
and ........
the area
82-3 The area of the triangle in terms of the two speeds 
(V^) and (V2 ) and time (t) is equal to ............
a rectangle
83-3 Also, the area of the rectangle in terms of the 
speed ( V p  and time (t) is equal to ............
I (V2 - Vi) x t
84-3 If the distance covered by the body is calculated 
from the area between the (speed-time) curve and 
time axis, then D = ............
Vi x t
85-3 i.e. we obtain the formula:
V 2 - Vi
D = Vi t + — ------ x t
2
From formula (1) we get: V 2 + a t . So then the 
formula becomes:
TT „ . Vi + at - Vi 
D = V]_ t + -------------—  x t
2
Re-arranging this, we get:
D = ..............
V 2 -V 1 ' 
V_t + — — -  xt 
2
86-3 This is the same formula as was previously deduced. 
Now, try to solve this problem: A car was moving 
with a uniform speed of 40 m/sec, and was then 
accelerated uniformly by 5 m/sec . The distance 
covered during 10 seconds from the start of 
acceleration is equal to ..........
V p  + i a t 2
87-3 If you were given the following formulae:
a = ^2 - ^1 - V 2  + Vi
— ------ ...(1) V = ■ ----(2)
t 2
and D = V x t ... (3)
Can you find one single formula that links V-^ , V£ 
and a and D together? (Try the solution on an 
extra sheet of paper).
D = 40 x 10 +
\ x 5 x 100 
= 400 + 250 
= 650m
88-3 This deduced formula: = V^2 + 2aD ...(5) 
enables us to calculate the final speed (V2 ) if 
the initial speed (V-^ ) and both ..............  and
v 22 = V 12+2aD 
(see panel 38)
89-3 A  car moved from rest with a uniform acceleration 
2
of 4 m/sec . After it covered a distance of 
18m, its final speed became ........  m/sec.
a (acceleration) 
D (the covered 
distance)
90-3 One of the traffic rules is to warn drivers to travel 
at a safe distance from the one in front, in order 
to avoid accidents if the car in front stops 
suddenly. This distance is called safety distance 
or stopping distance.
12
(see panel 39)
91-3 This stopping distance is calculated from the 
moment the brakes are used. If, for instance, a 
car was running with a speed of 25 m/sec, and the 
driver suddenly used his brakes to stop it so that 
the car was decelerated with 5 m/sec , then the 
stopping distance is equal to ............
Go on, you are 
not required 
to respond 
here
92-3 It is necessary here, however, to point out that 
by using the brakes strongly and suddenly (when 
the car is running at high speed) might cause the 
car to turn to the right or left or turn over.
So, it is advisable that brakes should be used 
gently so that the driver can control his car 
when using the brakes. If in the previous frame 
(91-3) the time needed to stop the car was to be 
calculated then it would be equal to ..........
62.5m
(see panel 40)
93-3 The time needed for stopping here means that time 
needed from starting to apply the brakes until the 
car completely stops. But we have to take into 
consideration also the period of time the driver 
sees the car before him until the moment he uses 
the brakes. This period is called the time of 
reaction of the driver, or thinking time. Thinking 
time is the period of time between the moment of 
seeing the car before him and the moment of
5 sec
(see panel 41)
94-3 The sum of the stopping time and the thinking time 
is called the total stopping time. Thus the total 
stopping time is the sum of the stopping time and 
the .............  time.
applying the 
brakes
(see panel 42)
94 * -3 A  car was moving with a speed of 20 m/s when its 
driver saw a big stone in his way. He pressed 
his brakes one second after seeing the stone and 
the car stopped 25m after the brakes were pressed. 
This means that the total time needed to stop the 
car is .......
thinking
95-3 The thinking time is the period of time between 
the moment the driver sees the danger and the 
moment he uses the brakes. This period of time 
differs from one person to another, but it is 
about 0.6 sec on average. We have to remember 
that the period of time between the moment the 
driver sees danger and the moment he applies the 
brakes is called the .........
3.5 sec 
(see panel 43)
96-3 Also, the distance needed for the car to stop once 
the driver sees danger before him (whether this 
danger is another car or a traffic light or a 
person crossing the street, etc.) until it complet­
ely stops is called the total stopping distance. It 
is equal to the distance which the car moves during 
the time of reaction plus the distance moved by the 
car during the time of .... .......
thinking time
97-3 On this basis, let us solve the following problem: 
While a car was moving with a speed of 25 m/sec, its 
driver suddenly saw a truck stopping in the middle 
of the road at a distance of 80m before him. After 
i sec. he pressed his brakes at full strength; the 
car decelerated at 5 m/sec . This means that the
car will stop after .......  m  after the truck
was seen.
stopping
98-3 Since the distance between the car and the truck 
where it was first seen was 80 m, and since the 
total distance needed for the truck to stop was 
75m, this means that the car will/will not hit 
the truck.
75
(see panel 43a)
99-3 Now, look at panel 44. You will see a car moving 
with a speed of 72 km/hr when its driver saw a boy 
playing football at a distance of 30m in front of 
him. If the thinking time was \ sec., and he was 
able to slow his car down (using the brakes) by 
5 m/sec . What is the total distance needed to
stop the car? ........ .
•
will not
100-3 If the distance between the boy and the front of the 
car, as in panel 44, is 30m, and the total distance 
for stopping the car is 50m, this shows that the car 
will/will not hit the boy.
50m
(see panel 45)
101-3 This gives us an idea about how dangerous it is to 
drive a car at high speed in crowded p l a c e s . B y  
practice the driver attains a knowledge of the 
safety distance through which he can stop his car 
so that he can avoid accidents. We have to keep in 
mind that the total stopping distance is equal to 
the distance covered within the time of reaction 
plus the distance o f ...........
will
102-3 If an aeroplane landed over the deck of an aircraft 
carrier with a speed of 40 m/sec (144 km/hr), and 
the maximum deceleration available by the stopping 
system is 20 m/sec , this means that the length of
the runway needed for its landing is ......  The
stopping process takes .......  sec
stopping
103-3 If a car started from rest, uniformly accelerating 
in a straight line so that its speed became 20 m/sec 
after \ minute, this indicates that the car moved
with acceleration equal to ..........  and that it
covered a distance of ..........
40, 2
(see panel 46)
104-3 Here is another problem: A  car was moving with a 
speed of 18 m/sec when it started to decelerate 
uniformly so that it stopped completely after 
5 sec.; this means that it slowed down with a 
deceleration of ..........  until it stopped after
2/3 m/sec 9 
300m
(see panel 47)
a distance equal to ...... m
t
105-3 When a lift moves upwards starting from rest with a
• 2
constant acceleration of 0.5 m/sec for 4 seconds 
then it covers a distance of .........
2
-3.6 m/sec 
45
(see panel 48)
106-3 If an aeroplane moved along a runway of length 800m 
starting from rest with a uniform acceleration, 
until it covered the whole runway in one minute, 
this shows that the plane took off at a speed of 
• • • • • • • • •
4m
(see panel 49)
107-3 Here is another example: The speed of a bullet was 
50 m/sec when it hit a wooden block and penetrated 
for a distance of 5 cms before it stopped. Thus
the retardation of the bullet was ........  and
the time needed for the bullet to stop from hitting 
the wooden block was .......
26 m/sec 
(see panel 50)
108-3 Through our study of acceleration we have become 
acquainted with the formula:
V 2 -VjL
a = --------
t
This formula means that we can calculate the value 
of acceleration (a) if we can determine, by any 
means, the value of each of the following: ......
.....• » • • • • • •
2
-2500 m/sec 
0.002 sec 
(see panel 51)
109-3 In order to determine the initial speed (V^), the 
final speed (V2 ) and the time needed (t) practically, 
we usually use in the laboratory either the timing 
tape or stroboscopic photography in order to record 
the movement of the body on an inclined plane.
Now do the following experiment. (You can only use 
one of the two methods).
(initial spee 
V 2  (final speed) 
t (time needed)
PRACTICAL LESSON (4)
Measurement of the Uniform Acceleration of 
a body moving over an inclined plane by 
using the Ticker Timer
Instruments
Ticker-Timer; time tape; trolley; runway; electric mains
Steps
1. Place the runway on the laboratory bench so that it is sufficiently
inclined by placing some books under one of its ends.
2. Fix the timer-ticker at the upper end of the runway, then
insert one end of the time tape into the ticker timer and
tie this end to the trolley.
3. Let the trolley go down the runway then the ticker timer will 
record the movement of the trolley by dots on the tape.
4. Cut the dotted tape. You will find the following shape:
5. Measure the distance between the first two points, let it be D^. 
Then divide it by the periodic time (6). Periodic time here 
means the time needed to print two consecutive dots. In this way 
we get the average speed of the trolley between the two points, 
which is the instantaneous speed at the middle of the interval
t --
« 4
I
3>i
between the two points
D 1 .
i.e. V-j = —  =   cm/sec
6
Measure the distance between the last two dots and let it be P 2 . 
Then divide it by the periodic time of the ticker timer bo obtain 
the average speed of the trolley between the two points which is
the instantaneous speed at the middle of the two points (strokes)
D 2
i.e. V 2 = —  =   cm/sec
The time needed for the trolley to change its speed from (V^) to 
(V2) is equal to the time from the middle of the first two dots 
to the middle of the last two dots. This time is equal to the 
number of dots x interval of time,
i.e. Time = (Intervening spaces -1) x periodic time 
Thus t = (Intervening spaces -1) x 6   sec
Substituting in the equation
PRACTICAL LESSON (5)
Measurement of the Uniform Acceleration of 
a body moving over an inclined plane by 
using the Stroboscope
Instruments
Polaroid camera; illuminating stroboscope; trolley; runway; electric mains,
Steps
1. Place the runway over the laboratory bench so that it is sufficiently 
inclined, by placing some books under one of its ends. - -
2. Let the trolley go down the runwayjat the same moment start to 
take stroboscopic photographs. You will get a photograph 
similar to the following:
(B B (BCT3
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3. By using a ruler, measure the distance on the photograph between 
the first two points, let it be D^. Divide it by the periodic 
time of the ticker timer (6). (The periodic time of the ticker 
is the time between two consecutive illuminations) . Thus you 
will get the average speed of the trolley which is the instantaneous 
speed at the middle of the interval between the two photos, i.e.
Di
V n = —  =   cm/sec
1  <5
4. Also, by using a ruler, measure the distance between the last 
two positions, let it be D ^ • Divide it by the periodic time of
the stroboscope (6) and you will get the average speed of the 
trolley which is the instantaneous speed at the middle position i.e. 
D 2
V 9 = —  = ........... cm/sec
6
5. The total time (t) is the product of the periodic time x (the 
intervening spaces - 1), i.e.
t = 6 (intervening spaces “ 1) = ....... sec
6. Substituting in the equation
V2 - vx
a = --------
t
„  y 2
a = --------------  we get a = . cm/sec
110-3 After you have performed one of the previous two 
experiments, ’let us now solve the following problem: 
Look at panel 52 and from the data given on the figure 
try to calculate the value of the uniform acceleration 
of the tape which was taken through a timer ticker by 
a trolley running down an inclined plane, where the 
timer ticker prints one dot every second. Thus the 
acceleration is equal to ........
>
111-3 We can work out the following problem which is similar 
to the previous one: Look at panel 54; you will see 
a stroboscopic photograph of a ball moving down an 
inclined plane. If the camera takes one photograph 
every second, then the value of the acceleration is 
equal to .......
2 mm/sec^
(see panel 53)
112-3 Let us now go on to another point. Remember what 
we have already discussed. Does the uniform 
acceleration of a body moving over an inclined 
plane keep constant if the angle of slope of 
the inclined plane became 90°, i.e. when the body 
falls freely, vertically downwards? In fact, we 
cannot answer this question accurately, unless we 
measure it practically. Galileo tried to answer 
this question when he proved in his experiments 
that he performed on Pisa Tower, that "light and 
heavy bodies hit the ground almost at the sametime". 
He accounted for the detection of slight differences 
of time by the different air resistances of the 
falling bodies.
5 cm/sec^
(see panel 55)
113-3 Stand on a chair and hold in one hand a sheet of 
paper and in ‘the other hand a metallic ball (or a 
coin). Then drop them to the ground, from the 
same height and at the same time. Which of them 
hits the ground first? The one which hits the 
ground first is .......
Go on, you 
are not 
required 
to respond 
here
114-3 Now wrap the sheet of paper so that it takes the 
shape of a solid ball this time, and repeat the 
experiment. Which of them hits the ground first?
the metallic 
ball (or coin)
115-3 Do you know the reason why the metallic ball (or 
coin) and the sheet of paper reached the ground 
almost together the second time? ........ .
they almost 
reach at the 
same time
116-3 Air resistance of bodies increaseswhen their volumes 
or surfaces increase to lessen air resistance; we 
should ...........  bodies1 volumes or surfaces.
Yes. Air 
resistance of 
the paper 
became less
117-3 After the vacuum machine was invented, experiments 
were made to verify Galileo*s prediction; he said 
that "In the absence of air resistance, all bodies 
whether light or heavy, fall exactly with the same 
rate". Look now at panel 56; what do you see?
lessen
(or diminish)
118-3 We can carry out some experiments on freely falling 
bodies in air using small, light and heavy bodies 
which have negligible air resistance. Now you can 
perform the next experiment to verify the accelera­
tion with which bodies move when they fall freely. 
Also, you can follow the movement of such bodies 
by stroboscopic photography.
the feather and 
the piece of 
metal arrived 
together in 
the absence 
of air
resistance (or 
any similar 
statement)
PRACTICAL LESSON (6)
Freely falling bodies - Measurement 
of the gravitational acceleration (g)
Instruments
Polaroid camero; illuminating stroboscope; metallic balls of different 
sizes; paper tape graduated with cms.
Steps
I. Freely Falling Bodies
1. By dropping two metallic balls of different sizes from at least 
2 metres height, it is noted by the naked eye that the balls 
reach the ground at the same time.
The movement of the balls can.be followed by using an illuminating 
stroboscope and a camera which will operate at the same moment of 
dropping the balls. From the photograph attached below, and which 
was taken in a similar experiment, it is seen that heavy and small 
bodies reach the ground at the same moment because their air 
resistance is very small and can be neglected. Hence you can 
see that falling bodies move towards the ground with a uniform 
acceleration called the gravitational acceleration and this is 
given the symbol (g)'.
II. Measurement of the Gravitational Acceleration (g)
On measuring the distance (D^) between two consecutive initial 
positions for one of the balls, and dividing it by the periodic 
time (6) of the illuminating stroboscope, we find that:
D 1
= —  = .........  cm/sec
6
On measuring the distance (D2 ) between two final consecutive 
positions of one of the balls and dividing it by the periodic time 
(6) of the illuminating stroboscope, we find that:
D 2
Vo “ — — .......... cm/ sec
<5
Time (t) is calculated from the number of spaces between the middle 
of the two initial positions and the middle of the two final positions 
i.e. (number of intervening spaces - 1 ) .
Substitute the corresponding values in the following equation:
Remark 1
. * . . 2
The value of the gravitational acceleration in Kuwait is almost 980 cm/sec
2
or (9.8 m/sec ). But for simplicity it is considered in some calculations
2 " 
as 10 m/sec .
Remark 2
For freely falling bodies we use the same equations of the uniformly 
accelerated movement, but we only change (a) for (g) wherever it is found.
119-3 After you have studies the effect of the gravity on 
bodies, you will see that all bodies when left in the 
space surrounding the earth will move towards the 
earth surface with a/an uniform/variable acceleration.
120-3 This acceleration is called the gravitational acceler­
ation and is given the symbol ..... In Kuwait its 
value is ...... . m/sec2 .
uniform
1
121-3 In the case of freely falling bodies, we can use
the equations of the uniformly accelerated movement.
What we have to do is to replace the letter, (a)
which denotes the uniform acceleration with the
letter (g) which denotes the gravitational
v 2 - ^1
acceleration, thus the equation a = --------
t
becomes: .....
g>
9.8
122-3
2
And the equation D = V-[t + \ at becomes
V 2 - V X
g "
t
123-3
2 2
Also, the equation V 2  - + 2 a D becomes D = V lt + sgt2
124-3 In addition to the three preceeding equations, we 
must not forget that the mean speed (V) of the two 
speeds (V^) and (V2 ) can be calculated from the 
equation V = .......
2 2 
V 2 = V x + 2gD
I
125-3 Also, the distance .(D) covered by a body moving 
with a uniform acceleration changing its speed 
from (V^) to (V2 ) in (t) time, can be calculated 
from the formula:
D =
V = v i + v 2 
2
126-3 Now that you have remembered those equations and 
have substituted in some of them, let us suppose 
that you have dropped a coin from a certain height 
and that it reached the ground after two seconds. 
Try to calculate the final speed of the coin just 
before it hits the ground. The value of the 
speed is equal to ......
D = V  t or
^ Vi + V 2
D = -------- x t
2
127-3 If we wished to know the height (D) from which the 
coin was dropped, where = 0, V 2  = 19.6 m/sec, 
t = 2 sec and g = 9.8 m/sec ; then the formula 
which is used to calculate (D) is ......
19.6 m/sec 
(see panel 57)
128-3 Yes, we can use both relations:
Vi + V 2 2
D = ----- —  x t or D = £ g t
2
Now try to calculate the value of (D) using both 
formulae:
D = ------  D = .......
What do you notice? ............
D = V 1 + V 2 .
-----------  X  t
2
D = i gt2
where = 0
129-3 As sure as a stone was dropped from a cliff and 
hit the ground after four seconds, draw a vertical 
line and put on it all the data given then 
calculate the final speed V£ = ......
(g = 9 .8 m/sec^)
19.6 m
the two answers 
are alike 
(see panel 58)
130-3 To find the height of the cliff above the ground, we 
can find a relation which will include all the given 
data and then substitute the correct values in it; 
then we obtain D = .....
39.2 m/sec 
(see panel 59)
131-3 Here is another similar problem: A  stone was thrown 
vertically upwards with an initial speed of 29.4 
m/sec. Since the stone moves opposite to the 
direction of gravity, then its speed will gradually
decrease until i t ........  Then the stone will
return to the ground at the same point and with 
the same speed as it was thrown up; this is 
equal to ......
7 8 . 4m
(see panel 59a)
132-3 Now try to draw both the upward and downward tracks
of the stone. Put on them the data given and
calculate dht time needed for the stone to reach
its maximum height. (Do not forget to consider 
2
g = - 9 . 8  m/sec for it is a case of deceleration).
vanishes, 
29.4 m/sec
133-3 Knowing the initial speed of the stone, its retard­
ation and the time needed for the stone to reach 
its maximum height, we can calculate the maximum 
height the stone can reach which is equal to
Compare your 
drawing and 
your answer 
with those 
of panel 60
134-3 You can repeat your calculations on the return trip 
of the stone to the ground; you will find that 
t = ...... sec and V£ = ......  m/sec.
44. lm
(see panel 60a)
135-3 The results obtained from the previous frame show 
that if a body is thrown vertically upwards then the 
time needed for ascending is equal to the time needed 
for descending to the same point. On this basis, if 
a ball was thrown vertically upwards and reached its 
maximum height after 5 seconds, then it will need 
a time of ........ to return.
3, 29.4 
(see panel 61)
136-3 If a body is thrown upwards at a certain speed, say 
1 2  m/sec, this speed will gradually diminish until
it becomes ......... when the body reaches its
maximum height. Then it will fall freely so that 
it reaches the point from which it was thrown with 
the same speed as that with which it was thrown, 
i.e. with a speed of .......
5 seconds
137-3 Look at this problem: A  stone was dropped from a
balloon which ‘is at rest, and took 5 seconds to
reach the ground. Find: (1) the speed of the
stone at the end of each second while falling
2
(consider g = 1 0  m/sec ); (2 ) the distance 
covered by the stone after 1, 2, 3, 4, 5 seconds 
respectively; (3) the height of the balloon.
zero,
1 2  m/sec
138-3 Try to solve the following problem: A  stone was
dropped from the top of Kuwait Tower without any
initial speed. It took 4 seconds to reach the
ground. Neglecting air resistance and assuming 
2
that g = 1 0  m/sec , calculate:
(1 ) the height of the tower; (2 ) the speed of 
the stone when it hits the ground.
Compare your 
results with 
panel 62.
139-3 Here is a similar problem: A  stone was dropped
without an intial speed into a water-well. It was
noticed that it hit the surface of water after
3 seconds. Neglecting the air resistance and
2
taking g = 1 0  m/sec , calculate:
(1 ) the speed with which the stone hits the water 
surface; (2 ) the mean speed of the falling stone; 
(3) the depth of the well.
Compare your 
results with 
panel 63.
140-3 Now, work on this final problem: An arrow was fired 
with an initial speed o f .30 m/sec vertically 
upwards, neglecting the air resistance and 
assuming that the gravitational acceleration is 
1 0  m/sec , calculate:
(1 ) the maximum height the arrow reaches;
(2 ) the time needed for the arrow to reach that 
height; (3) the time needed for the arrow to 
drop from its maximum height and reach the ground.
Compare your 
results with 
panel 64
141-3 At the end of our study of the concept of accelera­
tion, we are going to make a revision of its main 
points. We defined acceleration as the amount of
Compare your, 
results with 
panel 65
142-3 If the change in speed is increased, acceleration 
is called .......... The change might be a decrease
acceleration in this case being called .......
change
143-3 This acceleration might be acceleration then it is
given a ........... sign or it may be deceleration
then it is given a ........... sign.
acceleration,
deceleration
144-3 In the S.I.U., length is measured in metres and time 
in seconds, hence acceleration is measured in
positive (+) 
negative (-)
145-3 Whether it is acceleration or deceleration, both 
may be uniform (i.e. the change of speed is 
constant in equal intervals) or variable (i.e. 
change of speed is ..........  in equal time intervals).
m/sec^
146-3 As long as the acceleration (a) was defined as the 
amount of change of the speed of a moving body in 
unit time, then if the speed of the body was 
at a certain instant and became (after t time), 
the relation of (a) with each of (V-^), (V?) and 
(t) may be written as follows: 
a = ........
unconstant
i
147-3 If the relation between the speed and time for a 
moving body was graphically represented, and if 
the resulting curve was a straight inclined line
this means that the body is moving with ........... .
acceleration.
= v2 - vx
t
148-3 But if the curve was straight and parallel to the 
time axis, this means that the body is moving with
the acceleration will be ....... .
a uniform
149-3 Look at panel 6 6 . You will see a curve which 
represents the relation between speed and time. 
Try to deduce from it the value of acceleration. 
What is that value ? ............
constant> 
zero
150-3 The slope of the (speed-time) curve also represents 
the value of acceleration. If AV represents the 
change of the speed value within At time, then the 
value of acceleration of the moving body is equal 
to the ratio AV/At, which is also called the
5 0 - 2 0  
a = --------
6
3 0  c /= —  = 5  m/sec 
6
i.
151-3 If the change of speed was not uniform but the 
speed was (V^) and the final speed became (V2 ) 
during (t) time, then we use the expression 
Average Acceleration (a) instead of uniform 
acceleration (a). Thus we can write the accelera­
tion equation as follows: 
a = ...............
slope
152-3 We used another expression called mean speed, which 
is used only in the case of bodies moving with 
uniform acceleration. If the initial speed of 
such a body was (V^) and its final speed was (V2 ) 
then its mean speed is:
V = --- ....
= v2 - vx
t
153-3 This expression mean speed (V) is useful in finding 
the distance covered by the body which moves with 
a uniform acceleration, within (t) time from the 
formula:
D = ___ .....
Vl + V 2  
2
154-3 According to the three preceeding equations which 
are:
V 2  - Vi - Vi + V 2
a = _£------ V = ------- - , and D = V t
t 2
we were able to deduce the relation that links (D) 
with (Vi), (a) and (t). It is:
D *•>•»•»«
= V x t or
Vx + V 2  
= x t 
2
155-3 Also, we can deduce another relation using the same 
three preceeding equations to link (Vx> (V2 ) (a) and 
(D). It is:
= Vx t + \ at 2
156-3 We discussed the time needed to stop a moving body.
We considered the special case that when the driver 
of a car faces a sudden danger before him, he applies 
his brakes and the car stops. The time needed to 
stop the car once the brakes were applied is
called the time of ...........  and the distance
which the car covers during this time is called
2  2  
V 2  = Vx + 2aD
157-3 The driver, from the moment he observes any danger 
to the moment he applies his brakes, needs a 
perios of time before he uses his brakes which 
we called the time of ............ of the driver.
stopping, 
stopping distance
158-3 So, until the car stops, it needs two intervals, 
one follows the other. The first is the thinking 
time and the second is the stopping time. The 
addition of these two intervals together gives
reaction 
(or thinking 
time)
159-3 During the total stopping time the car would have 
covered a distance called the total stopping 
distance. This is the distance covered by the car 
during the time of reaction of the driver and 
during the time of stopping of the car; the 
distance covered by the car during the time of 
stopping is called the .........
the total 
stopping time
160-3 We have seen that we can measure the value of a 
uniform acceleration practically by using an 
inclined plane and the illuminating stroboscope 
(or the ticker timer). This method includes: 
finding the initial speed (V^) and the final speed 
(V2 ) , knowing the distances D^ and D 2  which are 
covered by the body during the periodic time (6 ) 
of the stroboscope between the beginning and in 
the end of the movement. Also, finding the time 
(t) which is equal to the intervening spaces minus 
one and multiplying the result by the periodic 
time of the stroboscope then applying the
equation: a = .....
• • • • •
stopping distance
161-3 In the same way we'can find the gravitational 
acceleration (g). But instead of studying the 
trolleyTs movement on an inclined plane we let a 
metallic ball fall freely. We calculate V^, V 2  
and t and apply the equation: .......
= V 2 - Vi 
t
162-3 We can apply all the equations of uniformly 
accelerated movement to the case of free falling 
bodies: all what we have to do is to change (a) 
for .......
V 2  - V x
g =
t
163-3 Now, try to solve the following problem: A  jet plane 
moved from rest and accelerated until its speed 
became 100 m/sec after covering 150m. Find the 
average acceleration of the plane.
8
164-3 Here is another problem: An electron moves inside
2
a cathode ray tube with a speed of 2.5 x 10 m/sec.
If the electron hits a plastic disc and slows
• 8  2 
down with a deceleration of 6.25 x 1 0  m/sec until
it completely stops, calculate the distance needed
for stopping, measured in millimetres.
33 V 3  m/sec^ 
(see panel 67)
165-3
166-3
Try to work out this excercise: An electric train
moved from rest so that its speed increased at a 
constant rate and reached.90 km/hr. after it 
covered a distance of 2000m. If the speed became 
constant and the train moved with that constant 
speed for 10 minutes, then slowed down with a 
constant rate until it stopped after 4 further 
minutes: (1) sketch the (speed-time) curve
not use a scale; (2) calculate the time needed 
for the train to attain its maximum speed;
(3) calculate the total distance covered.
Here is another problem: A  car was running at a
speed of 90 km/hr when its driver suddenly saw
the traffic lights turn red when he was at a
distance of 80m from it. He pressed his brakes
0.5 seconds after seeing the red light and his
2
car slowed down at a rate of 0.5 m/sec .
(1) calculate the stopping distance; (2) calculate 
the total stopping distance; (3) does the car pass 
the traffic light or stop before it?
0.05mm
(see panel 68)
Compare your 
drawing and 
results with 
those of panels 
69 arid 69a 
respectively.
167-3 Here is the last problem on the acceleration concept. 
A  boy threw a ball vertically upwards with an 
initial speed of 30 m/sec and caught it at the 
same height from which it was thrown.
(1) calculate the height which the ball reached 
(above the point of throwing);
(2) what is the speed of the ball just before 
the boy caught it;
(3) for what period of time does the ball remain 
in the air.
Compare your 
answer with 
panel 70
i
168-3 End of the third concept.(acceleration) See panel 71 
and compare 
your answers
Chapter 4 
FORCE AND MASS
OBJECTIVES
After the puil has studied this concept, we hope that he will be
able to:
1. Define force.
2. Specify the unit of force.
3. Specify the unit of mass.
4. Specify the unit of weight.
5. State Newton’s first law of motion.
6 . Deduce the relation between the constant force exerted on 
the object and its acceleration.
7. Deduce the relation between the object’s acceleration and 
its mass when moved by a constant force.
8 . Deduce the relationship between the object’s mass, object’s 
acceleration and the force exerted on it. (Newton’s second 
law of motion.)
9- State Newton’s second law of motion.
10. Define the object’s mass.
11. Define the object's weight.
12. Define the kilogram (kg).
13. Define the newton (N) .
14. Calculate the mass and weight of an object at two different 
places.
15. Solve problems on Newton's second law of motion and connect 
it with the laws of motion.
THE FOURTH AND FIFTH CONCEPTS "FORCE AND MASS"
Frame
No.
Stimulus Response
1-4 Previously, you have seen a quantitative description 
of movement. But you were not introduced to what 
causes this movement, what makes a body move? What 
makes a body stop? What changes its direction? Why 
do some bodies move faster than others? We shall 
try to explain all of this in the following frames.
If you pushed a book which is placed on your seat 
and caused it to move, we say that you have 
applied a muscular force on the book and caused it 
to move.
When you stop a ball rolling towards you, we say 
that the reason the ball stops is the muscular 
F —  --- - you applied to it.
-
2-4 If a football player received a throw from one of 
his team, he will try to pass it to another member 
of his team, or he will kick it towards the goal, 
thus changing the direction of the ball's movement.
So we say that he applied a ...............to the
ball
Force
3-4 When a go-cart moves on an inclined plane with a 
certain speed, and you try to stop it, you will 
hold on to it with both hands and pull. This will 
gradually decrease its speed until it stops. Hence 
we say that slowing down and finally stopping the 
go-cart was caused by a ............
a muscular 
force
4-4 When a swing moves slowly and we wish to increase 
its speed we apply a ...........  to it.
muscular
force
5-4 But it is not necessarily that the body should move 
or change its speed or direction when a force is 
applied to it. If a force is, for instance, 
applied to the wall of a house, the house will not 
move. The force which will move anything must be 
big enough to do so. When the force applied to a 
certain body is big enough, then it will cause it to 
move and to c..... .... its speed or change its 
d— — ----
muscular
force
6-4 But there are other forces, which are not muscular 
(which cause bodies to move or change their speed or 
direction). The force which attracts all bodies 
surrounding the earth and makes them move towards 
it if they are free to move is called the ...........
change,
direction
7-4 There is also the force which attracts nails and 
makes them move towards a magnet. This force is 
called the .............
force of 
gravity
8-4 Also, there is the force which attracts paper 
strips and makes them move towards a fountain pen 
which has been rubbed on material. We call this 
force the .............
magnetic
force
9-4 There is also the force which attracts the 
electrons twards the centre of an atom, this force 
is also called the ............
electrostatic
force
10-4 The instances of force are quite varied but we are 
not going to define them all. We are going to 
present a few types only. When you press a piece 
of sponge, we can say that you have applied a 
p------- force.
electrostatic
force
11-4 Also, when you press a spiral spring, and its rings 
draw nearer one another, then you have applied a 
.......... force.
pressing
12-4 When you push a swing and cause its speed to 
increase, then you have applied a p------- force.
pressing
13-4 When you pull one end of a sping which is fixed at 
the other end to a wall, and cause its rings to 
extend, then you have applied a p------ force.
pushing
14-4 When a body falls to the surface of the earth by 
for force of gravity, we say that the gravity
affected the falling body with an at---------
force. .
pulling
L .
15-4 Whether forces are muscular, magnetic, electric or 
pressing, pulling or pushing we can define force 
as "Anything which changes the shapes of bodies, 
or their speeds, or their ........ .
attractive
16-4 We know from daily experience that inanimate objects 
remain still unless they are affected by an 
external force which causes a movement when a body, 
which is at rest is not affected by an external 
force, then it will remain...........
direction
17-4 Even living creatures do not move from a place 
without application of a force. The force in this 
case usually comes from the living creature itself. 
If the living creature finds that it is not 
necessary to move from its place to another place, 
then it will not produce a force and move. Thus it 
will remain .......
still
18-4 This natural characteristic which makes a still body 
remain still unless it is affected by an external 
force, is called inertia. Inertia means that if 
we have a still body which is not affected by an 
external force, then the body will remain ......
still
19-4 If a book was put on the surface of a table and 
remained still in the .same place, we say that the 
book remained in its place because it was not 
affected by an external force which causes it to 
move from that place. This characteristic of 
bodies is c a l l e d ......
s .
still
20-4 Our question now is, does a moving body stop if we 
remove the force affecting it, or does it continue 
to move, and if it continues to move, does it stop 
after a while or does it continue to move forever?
To answer these questions it is necessary to take 
some simple examples. If a ball was pushed along 
the floor you would see that its speed will gradually 
decrease until it ...... in the end.
inertia
21-4 But does this necessarily mean that to keep a body 
in continuous movement (on a plain surface) we 
should supply it continuously with force along its 
track? In order to move your seat on the floor of 
the classroom, you have to apply a pulling or 
pushing force whilst moving it from one place to
stops
another. If you stopped this pulling or pushing 
force, then the seat will ..........
22-4 Also, the swing moves under the influence of a 
pushing force applied by its rider. If the supply 
of the required force is stopped then it will 
gradually slow down until it ........ .
stop
23-4 Thus it is obvious from our daily life that in 
order to make a moving body continue its movement, 
we should continuously apply the necessary force 
to it, otherwise it will .........
stops
24-4 A  car moving on a flat road will gradually slow 
down until it ....... when its motor is switched off..
stop
25-4 Aristotle expressed this as follows "A body 
moving on a flat surface will stop moving unless 
it is continuously affected by the force which 
causes this continuous movement".
If we could avoid the loss of motive force by a 
body as a result of friction with the surface on 
which it is moving or as a result of the air
resistance, then the body would keep ........... in
the same condition.
stops
26-4 Galileo added to Aristotle’s statement by 
questioning "Does a body, which moves on a 
horizontal plane, need to be supplied continuously 
with a force to keep moving continuously?" In order 
to answer this question, Galileo performed some 
experiments on inclined planes. Look at panel 72; 
you will see two inclined plans, inclined 
downwards (A) and inclined upwards (B). The speed 
of the ball moving on (A) increases with respect 
to time, while the speed of the ball moving on 
(B) .......... with respect to time.
moving
27-4 Since the speed of the ball moving downwards on 
the inclined plane increases with respect to time 
and the speed of the ball that moves up the 
inclined plane decreases with time, Galileo deduced 
logically that when a ball moves on a plane that is 
not inclined upwards or downwards (i.e. moves in a 
horizontal plane) then the speed of the ball will 
neither increase nor decrease (i.e. it will move on 
the plane with a ............. speed.
decreases
28-4 If the ball moves on the horizontal plane at a 
uniform speed then it will continue moving on this 
surface at its constant speed forever, unless an 
external force causes a change in movement, this 
means that if a body moves with a constant speed 
on a horizontal plane and is not affected by an
uniform
(constant)
external force then the body will continue its 
movement .........
29-4 Look at panel 73; you will see the experiment 
that Galileo devised to prove his earlier hypothesis. 
Galileo took two equally inclined planes and 
connected them so that the ball may descent one of 
them and t h e n ............ the other one.
infinitely
(forever)
30-4 Notice, that if the ball started its movement from 
a point at the top of (A), it will then descend with 
an increasing speed and ascend the other plane (B) 
with a decreasing speed until it reaches the same 
height from which it started on the first plane, 
then its speed will ............
ascend
31-4 He also observed that if the inclination of the 
plane is decreased a little at a time, then the ball 
will cover a distance which extends further on the 
plane in order to reach the same height from which it
started its movement on the .............. plane A
before it stops.
vanish
32-4 The more the slope of the first plane is decreased 
the greater the distance that will be covered by the 
ball on the second plane in order to reach the same 
height as that from which it started its movement
first
on the first plain A. Galileo concluded that if 
plain B became horizontal then the ball will 
continue to move on this plane with a constant 
speed with no need for a supplied force, and that
it will continue to move in this way ..........
trying to reach the original height from which it 
started.
33-4 But why is the actual movement of bodies in our 
daily life not like this? Why doesn’t a car 
continue to move on the plain horizontal road when 
its motor is stopped? Why do bodies moving on a 
horizontal plane stop moving when the applied force 
is removed?
Galileo explained these facts by certain factors or 
external effects that affect these objects while 
they are moving and which compel the bodies to 
decrease their speed gradually until they ........
forever
34-4 Of these factors (or external effects) that affect 
moving bodies and cause them to stop eventually, we 
know of air resistance and the .......... that
occurs between these bodies and the surface on which 
they move.
stop
35-4 Galileo decided that in the case where these 
external effects are completely abolished the 
body which is moving on a horizontal plane will 
continue to move with its constant speed .......
friction
36-4 But, the supposition that the external effects can 
be completely removed is neither practical nor 
real. We cannot abolish such external effects but 
we can diminish their influence to a minimum. One 
of these external effects that occur between the 
moving body and the surface on which it moves is 
called ...........
infinitely
37-4 We can diminish the effect of friction between the 
moving body and the surface on which it moves in 
different ways. For instance, we can put an oily or • 
greazy layer between them. This is what is usually 
done in most engines. There are other means used
in the laboratory aiming to decrease the ...........
a body meets during its movement.
friction
38-4 Look at panel 74, in which you will see a 
laboratory method which will help lessen the effect 
of friction between a moving body and the body on 
which it moves. The method here is called the dry 
ice disc method. The disc is a vaccuumed sphere with 
two openings - the upper one for letting the dry ice
friction
in and the other at the base of the sphere. When 
the dry ice changes its state to a gas it will try 
to find its way out of the upper outlet, but as 
this is blocked with solid dry ice, it escapes from 
the lower one between the base of this apparatus 
and the plate of glass on which an air layer moves. 
This air layer helps in lessening the effect of
i
39-4 To be sure whether the dry ice disc moves with a 
uniform or a variable speed, we can photograph the 
movement of the disc on the glass plate by use of 
a stroposcopic photograph. Panel 75 shows us a 
stroposcopic photograph of the dry ice disc while 
moving on the glass plate. The photograph clearly 
indicates that the disc is moving at a ...........
speed.
friction
40-4 In case the dry ice disc is not available, we can 
make use of the simple method which is explained in 
panel 76. You will find a great similarity between 
the two methods, but in the second we use a balloon 
instead of the dry ice. The pulling force in the 
balloon’s diaphragm permits the outlet of air from 
the only outlet with a force which enables the 
apparatus to lift up. If it is now slightly pushed, 
it will move on the surface very easily, this is 
because we decreased the ...........
uniform
41-4 By looking at panel 77, you will see another 
laboratory method called the linear air track which 
consists of a perforated base permitting a strong 
air current to pass through, thus a continuous layer 
of air is formed between the sliding body and the 
base. This air layer helps ......... friction.
friction
42-4 We can also see whether the movement of the 
sliding body on the base of the linear air track 
takes place with uniform or variable speed by 
taking a stroposcopic photograph, by careful study 
exactly as we did in the case of the dry ice disc 
on the glass plate.
From what has been given before we can deduce that a 
moving body continues to move at a constant speed in 
a straight line unless it is affected by an
decrease
43-4 If a body is motionless, it will remain still. If 
it is moving at a constant speed in a straight line, 
it will continue moving at a constant speed in a 
straight line unless it is affected by an ...........
external
force
44-4 Galileo explained the keeping of a motionless body 
still, and of a moving body continuing to move in 
terms of the .............  of bodies.
external
force
The inertia of a body means that if a body which is 
motionless and not affected by an external force,
it will remain ............  and if the body is
moving in a straight line at a constant speed and 
is not affected by an external force it will 
keep o n ..............
Newton, a scientist who came after Galileo put the 
idea of inertia into the form of a law (now called 
Newton’s First Law of Motion). He said, "A 
motionless body remains still and the moving body 
keeps on moving at a constant speed in a straight
line unless it is affected b y    which
causes it to change its state.
But does this mean that motionless bodies or those 
which are moving at a constant speed, are not 
affected by any forces?
The rope in a ’tug-of-war’ game may remain still in 
spite of being exposed to great forces. The values 
of these forces are equal and opposite, thus 
cancelling one another so their net effect on the 
rope will be zero. In this case, it is said that 
forces are in equilibrium, consequently the body 
remains ...........
inertia
motionless; 
moving in a 
straight line 
with a 
constant 
speed
an external 
force
48-4 Why does a c^r which moves at a constant speed on a 
flat road continuously need the force produced by its 
motor? It needs it in order to counteract the air
resistance and the force of ...........between its
wheels and the road.
still
49-4 The car maintains its constant speed if its motor 
supplies it with that force which is necessary for 
maintaining an equilibrium with the air resistance 
and frictional forces. When it achieves this 
state of equilibrium, then no resultant force will 
affect the car in the direction of its movement, so 
its speed remains constant due to its ...........
friction
50-4 If any other force now affects the car, a force 
resulting from the engine (for instance), or from 
the brakes or the steering-wheel, this new force 
is the one which will make the car accelerate,
inertia
51-4 So, we get back to the definition of force. Force 
is any action affecting a body causing it to move or
deccelerate,
direction
52-4 There are several examples, in our daily life, in 
which the influence of inertia is seen. Look at 
panel 78-A in which you see a car which has 
suddenly stopped at a traffic light. Notice that 
the driver has moved forward and that the crates 
have also moved ........
changed
direction
53-4 The car has stopped at the triffic light under the 
influence of the force of its brakes which slowed 
the car down but did not affect the driver or the 
crates directly. This is why the driver and the 
crates have moved .......... as if to continue at
the former speed.
forward
54-4 Look now at panel 78-B, you will see the 
previously mentioned car after it has moved away 
from the traffic light. The force of its engine 
has affected the car and pushed it forward, but it 
did not directly affect the driver or the crates so
they m o v e d ........ . as if to remain in their
places when the car was still.
forward
55-4 The movement of the driver and the crates backwards, 
as if to remain in their places when the car was 
still, occured due to the characteristic that we 
call .............  of bodies.
backwards
56-4 This is why goods are tightly fastened by ropes on 
loading to the car body by using special clips, 
which are designed to reduce the influence of
inertia. Thus, keeping the goods .......... in
their places when the car moves or stops.
inertia
57-4 Dangerous accidents can occur due to the inertia 
of moving bodies. . Look at panel 79-A, you will see 
a bicycle which has collided with a big stone. What 
has happened to its rider? His body was pushed
forward due to the effect of the ...........  of his
body.
fixed
(still)
58-4 Look, too, at panel 79-B, you will see a lady 
sitting in a car seat held by the safety belt. When 
the car suddenly stopped, her trunk was pushed 
forward because of the ......... of her body.
inertia
59-4 If the safety belt was not there, the lady's body 
would have moved forward rapidly. It is clear now, 
why safety belts are used with car seats .and why you 
are asked to fasten your seat belts when aeroplanes 
take off or land. The reason for all of that is to
diminish the influence of ............ of your body
during sudden stopping or starting.
inertia
60-4 Inertia has some advantages as well as 
disadvantages. When a space ship is heading to the 
moon or any other planet and escapes from the 
influence of air resistance and from the force of 
gravity affecting it. Its pilot stops its jet 
engines, to let it continue its movement forward
in a straight line under the influence of ...........,
it goes on like this until it enters the field of 
the moon1s gravity.
inertia
I
61-4 Inertia is also used to perform some amusing games. 
If you look at panel 80-A you will see a glass at 
the top of which there is a piece of cardboard, over 
which there is a coin. If you quickly pushed the 
piece of cardboard with one of your fingers, you 
will see, as in the figures, the coin has fallen 
inside the glass (80-B), because of a tendency to
remain in the original place due to the ........ .
and because there is nothing to hold it in place 
it falls into the glass.
inertia '
62-4 There is another game in which some wooden or 
plastic discs are put one above the other, as it is 
shown in panel 81-A. When the lowest disc is hit 
with a ruler, it will move and the rest of the discs 
will move down one place, and so on (81-B) The 
upper disc.does not move with the lowest one, when it 
is pushed away, because of ............
inertia
63-4 We have seen that, through Newton’s first law of 
motion, a moving body which is not affected by an 
external force will continue moving in a straight 
line and with a ........  speed.
inertia
64-4 If the speed of a body changes (whether increasing 
or decreasing) it is deduced that there has been an 
...... affecting it during its movement.
constant or 
uniform
65-4 If the effect of this external force remained 
constant in value during the movement then what 
would the movement be like? In order to recognize 
this, let us do the following experiment.
external
force
PRACTICAL LESSON 7
Movement of a body under the influence of 
a constant force.
Instruments: A  trolley, a runway, a ticker timer, time tape,
elastic strings.
Steps:
1.) Adjust the inclination of the runway so that the trolley 
moves on it at a constant speed as a result of an initial 
push, using the ticker timer. The inclination of the 
runway helps in abalancing the force of friction and 
permits the trolley to move uniformly.
2.) Insert a suitable length of the time tape through the ticker
timer and attach its edge to the trolley, and place the 
trolley at the top of the runway (which is balanced against 
the forces of friction).
3.) Attach one end of the elastic string to the tolley and pull 
the other end, thus moving the trolley down the runway.
Note that the string should have the same tension throughout
the experiment, so that the force affecting the trolley 
remains constant (the elastic string can be replaced by 
and ordinary string with one of its ends attached to the 
trolley and the other end passed over a pully and 
attached to a balancing weight.
Divide the resulting dotted time tape into divisions, the 
length of which is 10 intervening distances, thus the 
length of each of these divisions represents the distance 
covered by the trolley within a certain period of time (10 
strokes) i.e. the speed of the trolley.
Now make a block graph with the tapes, that represents the 
relation between the speed of the trolley and time.
A Speed
Time
6 .) Join the upp.er centres of each of the tape divisions on 
the graph by a pencil mark. What do you see?
Deduction:
The block graph shows that when a constant force affects 
a body, it moves at (a constant speed/constant acceleration/ 
variable acceleration)?
66-4 From the previous experiment it is observed that in 
order to ensure that the trolley moves at a 
constant speed on the runway, the runway was made to 
incline by balancing .........
67-4 The gravitational force of the earth pulls the 
trolley vertically downwards (see panel 82-A) 
when the runway is declined, we can analyse the 
gravitational force of the earth into two components. 
(See panel 82-B). The first component of the force 
of gravity helps in fixing the trolley on the runway 
while the other component acts as a ....... .
the forces 
of friction
68-4 In the previous experiment, we used an elastic 
string, too, in order to apply a constant force to 
the trolley, but we made a condition that its length 
should remain constant, for the force with which the 
elastic string acts increases with the increase of 
its length. So, if we kept the length of the 
elastic string constant this means that we have
fixed the value of the .......... applied upon the
trolley.
balancing 
force of 
friction
69-4 It is obvious now from the previous experiment that 
when a fixed force acts upon a body, it will move at 
a uniform acceleration. What is meant by uniform 
acceleration is that the speed of the moving body
force
increases regularly with respect to .........
intervals of time.
70-4 Look at panel 83 in which you will see a time tape 
which represents the result of one of the experiments 
in which a constant force was applied to a trolley 
running over a runway (after balancing the forces of 
friction). What is the value of speed during the 
1st, 2nd, 3rd and 4th seconds respectively? It is
equal to 3 cm/sec; ........ ; .........
respectively
equal
■t :
71-4 i.e. the value of speed during the 1st, 2nd, 3rd and 
4th seconds is 3 cm/sec, 12 cm/sec, 21 cm/sec and 
30 cm/sec respectively. Is the increase in the 
value of the speed (equal/unequal) and how much is the 
increase in one second? It is .....
12 cm/sec 
21 cm/sec 
30 cm/sec
72-4 The amount of increase in the value of speed is 
9 cm/sec during one second. This means that the 
body in this experiment moves with a uniform 
acceleration equal to ...........
equal 
9 cm/sec
73-4 In order to study the relation between the value of 
the resulting uniform acceleration and the constant 
force applied to the trolley you have to perform the 
following experiment.
2
9 cm/sec
PRACTICAL LESSON 8
Determination of the relation between the applied 
force on a body and the acceleration with which it 
moves.
Instruments: A  trolley, a runway, time tape, elastic strings.
Steps:
1.) Let us consider'the results of the previous experiments when 
we applied a constant force (one elastic string). The 
results may be taken from the block graph.
Let them be: (See the remark in Step 3 of Experiment 7)
Initial Speed (V^) =   cm/10 strokes
Final Speed (V2) =    cm/10 strokes
Required Time (At) =    10 strokes
We can find the value of the uniform acceleration from the 
equation
by substitution. By calculation we find that:
a = .......... cm/10 strokes. 10 strokes
Repeat the experiment once more, this time use two 
elastic strings (put them side by side) thus the force 
acting upon the trolley will now be twice that applied 
to it in the previous experiment.
Now make a block graph with the tapes, representing the 1 
relation between the speed of the trolley and time then 
calculate the value of acceleration with which the trolley 
moves as follows:
Initial Speed (V^) =   cm/10 strokes
Final Speed (V^) - ........  cm/10 strokes
Required Time (At) =  10 strokes
by using the relation
and substitution we find that:
a =   cm/10 strokes.10 strokes.
Repeat the experiment using three elastic strings, thus the 
acting force on the trolley will be three times the force 
acting in the first experiment. Arrange the tapes in a 
block graph and deduce the value of acceleration.as has been 
produced.
Repeat the experiment using four elastic strings and 
calculate the value of the resulting uniform acceleration.
|  Speed
Time
Speed
■---------
Time
Speed
 ; ;  ------------------------------------
Time
Record the results you obtain in a table as follows:
No. of (F) 
Strings
1 2 3 4
Acceleration (a)
Represent graphically the relation between the applied force 
in each case and the acceleration with which the trolley 
moves, what do you deduce? Is the relation between force and 
acceleration (proportion/inversely proportional)? ............
8.) Try to find a way for linking (F and a) either multiplying 
them or dividing them by one another, so that the result is 
the same on each occasion.
Result:
The calculations that you have made show that: 
F
(F = a/ —  ) which equals a constant value.
Si
Deduction:
When a force acts on a body the resulting acceleration is 
(inversely proportional/proportional) to the acting force.
Acceleration
Force
74-4 Thus we have deduced from the previous experiment, 
the relation between force and acceleration. The 
graphs showed that the force (applied to a body) is 
proportional/inversely proportional) to the 
acceleration with which a body moves.
75-4 This means that when the value of the applied force 
increases, the value of the acceleration with which 
the body moves also increases and if the value of the 
applied force decreases the value of the resulting 
acceleration will ..........
proportional
76-4 Mathematically we can express this direct 
proportion (between force F and acceleration a) as 
follows:
F « a.
This relation means that the acceleration with which a 
body moves is ......... . . . t o  the force acting on it.
decrease
77-4 The proportional relation F « a can be transferred to 
an equality relation as follows:
F
—  = constant 
a
What is meant by this equality is that it is an 
expression of the proportionality relation between 
F and a; i.e. when the value of F increases or 
decreases, then the value of fa f will ........... or
proportional
We have studied the relation between the applied 
force (F) on a body and the acquired acceleration (a) 
which the body acquires due to its influence. Our 
question now is, does the value of acceleration 
caused by a certain force change if the body itself 
is changed? In other words, if we acted upon two 
similar cars, one of which is empty and the other is 
loaded, with two equal forces, would they move with 
the same acceleration? To answer this question we 
have to do the following experiment.
increase,
decrease
PRACTICAL LESSON 9
The relation between a constant force (acting upon 
different bodies) and the resulting acceleration.
Instruments: A  trolley, a runway, elastic strings, time tape,
a ticker timer.
Steps:
1.) Adjust the inclination of the runway so that there is a
balance betwen the forces of friction (between the trolley 
and runway) and one of the components of the force of 
gravity (the one in the same direction as the runway). You 
can check this by using the ticker timer.
2.) Use two of the elastic strings to pull the trolley down the 
inclined plane, paying attention that the strings are kept . 
pulled with the same length throughout the experiment so 
that the force acting upon the trolley remains constant over 
the whole movement. (See the remark in Step 3 of 
experiment 7.)
Make a block graph with the tapes to represent the 
relation between the speed and time by using the resulting 
dotted time tape (as in the previous experiment).
Speed
Time
Calculate the value of acceleration from your results:
Initial Speed (V^) =   cm/10 strokes
Final Speed (V^) = ........ cm/10 strokes
Required Time (At) =  ..10 strokes
V -  V 2 1
Using the relation a = --- ---- -
and substituting for the corresponding values we find that
a =   cm/10 strokes.
10 strokes.
Put two similar trolleys, one on top of the other, and check 
the inclination of the runway to see that it is suitable for 
balancing the forces of friction in this case. Change the
degree of inclination if necessary and repeat the previous 
experiment (using the same two elastic strings.)
Prepare the tape block graph to represent the relation 
between speed and time by using the resulting dotted time 
tape.
A Speed
Time
Calculate the value of the acceleration from the results you 
obtained:-
Initial Speed (V^) =    cm/10 strokes
Final Speed (V^) 
Required Time (At)
cm/10 strokes
10 strokes
Using the relation a
substituting the corresponding values you will find that:-
a = ......  cm/10 strokes.10 strokes.
Repeat the experiment once more, this time using three 
trolleys, one on top of the other and the same two elastic 
strings. Remember to check that the inclination of the 
runway should balance the forces of friction in this case 
by using the ticker timer.
Prepare the tape block graph to represent the relation between 
speed and time. This can be done by using the resulting 
dotted time tape.
 ^
Time
10.) Calculate the value of acceleration from the results you 
obtained:-
Initial Speed (V^)
Final Speed (V^)
Required Time (At)
Then by using the formula:
substituting the corresponding values find
a = ...... cm/10 strokes. 10 strokes.
11.) Record the results that you obtained in a table as follows:
N° of (
trolleys K J 1 2 3
Acceleration (a) /
cm/10 strokes 
cm/10 strokes 
.. 10 strokes
12.) Draw a curve to represent the relation between the
reciprocal of the number of trolleys and acceleration. 
(Note that force is constant)
The curve shows us that the acceleration is proportional to 
the reciprocal of the number of trolleys. In other words we 
can say that when a fixed (unbalanced) force acts upon a 
number of trolleys, then the resulting acceleration is 
(proportional/inversely proportional) to the number of 
trolleys.
Try now to find a way to link (M and a) be either multiplying 
or dividing them by each other, so that the result is the 
same every time.
M
The results show that Ma / —  is a c o n s t a n t ....... .
a
If we call the number of trolleys M, as the mass of the 
moving body, whether it was one or more trolleys, then the 
final conclusion of the experiment becomes
"When a fixed (unbalanced) force acts upon 
bodies of different masses, then the 
acceleration with which the body moves is 
(proportional/inversely proportional) to the 
mass of the body."
.79-4 We see that the previous experiment has given us a 
clear idea about the relation between the number of 
trolleys (mass) used and the resulting 
acceleration (when we act upon the trolleys with a 
constant (fixed, unbalanced) force). The main 
result that we have obtained showed that if we act 
with a constant (unbalanced) force on bodies of 
different masses, then the acceleration with which 
they bodies move is inversely proportional to
80-4 The mass of a body is determined by the nature of the 
body, in other words by the material of which a body 
consists. The mass of a body, then, is an 
expression of the material a body contains. The 
amount of material of which a body contains is 
expressed as ...........
the mass of 
the body
81-4 In order to further clafify the concept of mass, 
let us suppose that the trolleys used in the previous 
experiment consist of a single element say copper.
It is obvious, then, that two similar trolleys 
contain the same number of copper atoms which is 
exactly twice the number which one trolley contains. 
And that three trolleys made of copper contain three 
times the number of copper atoms that of one trolley. 
Thus, we can say that the higher the number of atoms 
in a body the higher is its ...............
the mass of 
the body
82-4 When we double the number of trolleys, we have 
doubled then, the number of atoms present. This 
is what we have expressed as the mass of the body. 
This means that the increase in the number of 
trolleys in the previous experiment is the same 
as the increase of ...........
mass
83-4 Some experiments have been done in order to study 
the effect of the change of any of a body/s 
apparent characteristics (such as colour or shape) 
by melting the second trolley and laminating the 
third one; the result obtained was the same as long 
as the mass of the body was constant. On this 
basis we can say that if a constant (unbalanced) 
force acted.upon a certain body whatever its shape 
or colour, the relation between its mass and the 
resulting acceleration is always (proportional/ 
inversely proportional).
the mass of 
the body
84-4 The acceleration, then, with which a body moves under 
the influence, of a constant force, is inversely 
proportional to .........
inversely
proportional
85-4 Through experiment 8 we realised that the 
acceleration of a body movement is proportional to
the mass of 
the body 
(its mass)
86-4 Since we have seen that the acceleration (a) with 
which a body moves is proportional to the force (F) 
applied to the body, then mathematically we can 
write that relation as follows : a « ...........
the force
87-4 i.e. a = F. This relation was previously written 
in the form of an equality as follows:
F
a
F
88-4
F
This equality —  = constant, links two variants
Si
namely the applied force (F) and the .......
with which the body moves.
constant 
(refer to 
frame 77-4)
89-4 But this equality does not include any of the 
characteristics of the body to which the force is 
applied.
What characteristic does the constant indicate?
From the equality, notice that whenever the value of 
the constant is increased the lower is the value of
t h e ........ with which the body moves under the
influence of the constant force.
acceleration
(a)
90-4 As we have seen in the previous experiment, the body's 
characteristic which changes the value of the 
acceleration with which the body moves (under the 
influence of a constant force) is the mass of the
acceleration
(a)
body (M). And that the greater the mass of the
body becomes the ........... the value of the accel
acceleration with which the body moves.
91-4 The constant in the last equation is then the ........ less
92-4
. . F
And since the constant m  the equation —  = constant
is the mass of a body (M) the equation then would 
become as follows:
: F 
•a
the mass of 
the body (M)
93-4 This deduced equation may be written as follows:
F
a M
It is the mathematical expression of Newton’s Second 
Law of Motion which can' be qualitatively expressed as 
follows: "The acceleration with which a body moves 
under the influence of a constant force is directly
proportional to ............. applied to it and
inversely proportional to ........... 11
M
94-4 From this law we see that the great the mass of the 
body, the less the value of the acceleration (a) 
with which the body moves under the influence of a 
certain force (F). i.e. the less its tendency to 
movement or the greater its resistance to movement 
would be (i.e. the greater would be its inertia).
the force, 
its mass
Thus the mass of a body would become a measurement of its 
inertia. The greater its mass becomes the greater its
95-4 Masses are measured with a standard mass unit which is 
the ’Kilogram*. A  kilogram is denoted as Kgm. Through 
our study of acceleration, we have ssen that its 
standard unit in the S.I.U. is ........ .
inertia
9 5 ’-4 A  kilogram is a cylinder of Platinum and Iridium pre­
served at the Lover exhibition in Sipher^ a town near 
Paris. Accordingly the mass of the Platinum and Iridium 
cylinder which is preserved at the Lover is called the .....
m/sec^
96-4 Force is measured in newtons - a unit named after 
Newton the scientist. A  newton may be defined as ’the 
force which, when it acts upon a body whose mass is 1 Kgm, 
would make it acquire an acceleration of .........
Kgm
96'-4 Thus, if a certain force acts upon a body, and makes it
2
acquire an acceleration of 1 m/sec then the value of 
this force will be ........
1 m/sec^
97-4 Similarly, we can re-define the Kilogram. It is the 
mass of a body, when acted upon with 1 newton force 
would gain an acceleration of ..........
1 newton 
(or N)
.971-4 If a force of 1 newton acted upon a body and made it
2
acquire an acceleration of 1 m/sec , then the mass 
,of that body is equal .to-:....... ...
1 m/sec^
98-4 When we wish to calculate force, we can write the 
F
equation a = —  as follows:
F = ..........
1 Kgm
t.
99-4 i.e. as the form F = M  x a, as well, it can be 
as follows when we wish to calculate mass directly: 
1 1 = . . . . . . . . . . . . . . . . . . . . .
M  x a
100-4
F
i.e. as the form M  = —  whatever was the shape of 
of the equation which expresses Newton’s Second Law
of Motion, force is measured i n . . . . . . . . . . . . . . . . units
.  .  ,  9
whenever acceleration is measured m  m/sec and mass
in Kgm units.
F
a
101-4 If the mass of an apple is 1/10 Kgms and it dropped
freely from a tree to the ground with a uniform
2
acceleration of 10 m/sec , this means that the 
earth’s gravity acting upon the apple is equal to 
......  (this is another definition of the newton).
newton (N)
102-4 Look at panel 84, then calculate the mass of the 
moving body : M  = ........ Kgm.
1 newton (N) 
(See panel 83)
103-4 If a rocket whose mass is 12000 Kgm moves with an 
25 2
acceleration of —  m/sec , then the propulsion force 
of its engine is equal to .......
100
104-4 Look at panel 86 and try to find the value of the 
acceleration, a = .........
50000 N 
(See panel 85)
i.
105-4 There are multiples for the kilogram. The ton for 
instance is 1000 times larger than the kilogram, 
i.e. 1 ton = ....... Kgms.
4 m/sec^
106-4 As well, the kilogram has smaller divisions. A  gram 
for example is 1000 times smaller than the kilogram, 
i.e. 1 gram = ....... Kgm .
1000
107-4 Similarly, the newton (force unit) has multiples too, 
such as the Tkilo-newton' which is 1000 times larger 
than the newton, i.e. 1 kilo-new ton = ....... newtons.
1
1000
107’-4 Thus, if the value of a certain force is 3.5 kilo- 
newtons, this means that it is equal to ....... newtons
1000
108-4 Look at panel 87 and calculate the mass of the truck 
measured in kilograms. You will find that its mass 
is equal to .....Kgms or .......  gms.
109-4 Let us now look at another point. Generally, in 
our daily life, we hear the word 'weight'1. For 
instance, we use it when we wish to buy some goods 
from the market. What is the scientific significance 
of the word 'weight'? and what is its relation to the 
mass of a body?
To make a precise definition of the word 'weight', we 
have to remember that the earth attracts all bodies 
towards it, they all fall freely with a (uniform/ 
variable) acceleration called the gravitational 
acceleration.
150,
150000
1091-4 The value of this gravitational force, changes from 
place to place on the earth's surface. Precise
2
experiments showed that it changes from 9.78 m/sec
2
at the equator to 9.83 m/sec at the poles. In Kuwait
2
its value is 9.8 m/sec ,
uniform
110-4 Since the earth pulls bodies towards it with a certain 
force, this force is then called the gravitational 
force. If bodies are free, they would fall towards 
the earth with a uniform acceleration called the
go on, you are 
not required 
to respond 
here
111-4 If (W) represents the gravitational force, (g) 
represents the gravitation acceleration and (M) 
represents the mass of a falling body, then, we can
gravitational
use Newton's Second Law which can be written as 
follows:
W  = .........
112-4 This equation W = M  x g is useful for the calculation
of the force, (in newtons) with which the earth acts
upon a body whose mass is (M) , Whenever we know the
value of (g) at a place. Suppose a body whose mass
is 1 Kgm falls freely towards the earth with an
2
acceleration equal to 9.8 m/sec , then the force of 
gravity of this body is equal to ........ newtons.
= M  x g
113-4 Suppose that another body whose mass is 2 Kgms fell
2
freely with a uniform acceleration of 9.8 m/sec , 
then the force of gravity upon that body is equal to
9.8
114-4 When a body whose mass is 5 Kgm falls freely with a
2
uniform accleration of 9.8 m/sec , then the force of 
gravity upon it is equal to..........
19.6 N
115-4 And since the gravitational acceleration has the same 
value for all the bodies which fall freely towards 
the earth in the same place whatever their masses, 
we find that the gravitational forces (W) of these 
bodies at the same place are proportional to their 
masses, i.e. the greater the mass of the body the 
greater is the graviational ..... upon it.
49 N
116-4 Since the weight of the body is defined as the value 
of the gravitational force upon it, the gravitational 
force (W) in the previous equation gives its ........
force
117-4 The equation : W  = M  x g can be written as follows:
The weight of a body = the mass of the body X
the gravitational
acceleration
i.e. (weight) = (mass) X (grav. acc)
. N ........ .......
weight
118-4 Since the value of the gravitational acceleration at 
any place is constant, accordingly, from this 
equation we can say that the weight of a body (W)
(in a certain place) is proportional to .........
Kgm,- m/sec^
119-4 Weights of bodies (i.e. the value of the gravitational 
force upon them) can be measured by the increase of 
length the body gives to the spring of a spring 
balance. See panel 88 in which you will observe that 
the magnitude of the increase of length caused by a 
body whose mass is 1 Kgm, is x cm and that the 
increase of length caused by a body whose mass is 
2 Kgms, is ........ cm.
its mass
120-4 And since the gravitational force upon the body (i.e. 
its weight) is proportional to its mass, we see that 
a spring balance can be used in comparing masses of 
bodies by comparing the magnitudes of the increase of
2x
lengths each mass makes to the spring of the 
balance. At a particularl place, the extension 
produced indicates the gravitational force acting 
upon the body i.e. its ....... .
121-4 In order to use the spring balance for measuring 
weights or masses we graduate the spring balance 
with standard mass units (the ordinary kilogram, 
parts and multiples). Look at panel 89 - you will 
notice how the spring balance is graduated 
whenever the mass attached to it is increased, the 
length of the spring will (increase/decrease) and the 
pointer will move from one point to another on the 
scale.
weight
122-4 Look at panel 90, you will observe a graduated
spring balance which can measure masses or weights 
of bodies less than ..........Kgm.
increase
123-4 But what if we took the spring balance which is used 
here in Kuwait and used it in England, will the 
increase of length of the spring caused by a certain 
body be the same in these two places? i.e. will 
the reading of the pointer be the same in the two 
cases?
12
Answer yes or no (.......)
124-4 Of course, the reading of the pointer will not be the 
same in the two places for the reading of the balance 
indicates the extension of the spring and this 
latter indicates the magnitude of the gravitational 
force acting upon the body attached to it. i.e.......
no
125-4 We have just deduced the relation that links the mass 
of a body with its weight in a certain place - this 
relation is:-
the weight of a body = ...... x ......
its weight
126-4 i.e. the weight of a body = its mass x the
gravitational acceleration 
Since the mass of the body to be measured by the 
balance is constant in both Kuwait and England and 
the values of the gravitational force in the two 
countries are (equal/unequal).
its mass x the
gravitational
acceleration
127-4 Therefore we deduce that the readings of the balance 
in the two countries will be (equal/unequal)
unequal
128-4 Thus we can see that the weight of a body changes from 
one place to another according to the change of the 
value of the force of .........  acting upon it.
unequal
129-4 Since the mass of abody (M) is constant wherever the
body is, and since
^  _ the weight of the body (W)
the gravitational acceleration (g)
This means that changes occur in the values of both 
W and g so that ........ remains constant.
gravity
130-4 We have previously mentioned that precise experiments 
showed that the value of the gravitational acceleration
(g) changes from one place to another; its value draws
2 2 
near 9.78 m/sec at the equator and 9 .83 m/sec at the
poles, hence the weight of a body at the equator is
(larger/less) than the weight of the same body at the poles.
M  (or the
. W  . 
ratio —  ) 
S
131-4 If the moon's gravity is that of the earth's, this 
indicates that the weight of a certain body is larger 
when it is placed on the surface of the (moon/earth).
less
132-4 But the mass of the body is what remains constant in 
any place in this universe and what really changes is 
the weight of the body according to the change of the 
force of ......... in that place.
earth
133-4 Although a body inside a space ship seems to be 
weightless because the spring balance indicates zero, 
its mass remains constant. This means that bodies 
inside space ships still have inertia, for inertia is 
proportional to t h e ........ of bodies.
gravity
134-4 We must pay attention carefully to the difference 
between using a spring balance and the beam balance.
We have showed that the spring balance is used to 
measure weights at a certain place. If it was 
graduated at a definite place, then it should be used 
in the same place where it was graduated (or graduated 
for) because the weight it indicates is
proportional to ........  acting upon the body
attached to it in that place.
masses
135-4 The idea of using the beam balance (see panel 91)
depends upon the gravitational force too, where the 
gravitational forces acting upon different bodies 
are compared with one another when these bodies are 
at the same place. When the standard masses 
(weights) are placed in one pan and the body whose mass 
is to be determined, is placed in the other pan and 
the two pans were then balanced; this would be proof 
that their  .........   are equal.
the
gravitational
force
136-4 If the mass of an unknown body is denoted by (M^)
and (M2 ) denotes the standard mass, then calculating 
the gravitational forces for either we find that:
gravitational
forces
the weight of the body mass W = x g
the weight of the standard masses W = .
137-4 Since at equilibrium the two gravitational forces 
of the pans are equal, we may write:
M 1 x g « M  x g
i . e .
This means that the beam balance is used to compare
M 2 x g
138-4 Thus you can see that the beam balance is used to 
measure the mass of a body and not its weight, so it 
can be used ..............
the masses of 
bodies
139-4 Now, if a plane whose mass is 30000 Kgm moved with an
2
acceleration of 2m/sec this means that its engine 
acts upon it with a force equal to ...... .
anywhere 
(in everyplace)
140-4 An electron moves inside a cathode ray tube under the
influence of an electric field acting with a force of
-20 . . 11 , 2 
10 newtons and gains an acceleration of 10 m/sec ,
Calculate the electron’s mass.
60000 newtons 
or 60 kilo- 
newtons (See 
panel 92)
141-4 Now, look at panel 94 and try to solve the problem in 
it, if you fail go on to the following frames.
-31
10 Kgm
(See panel 93)
141'-4 That the speed for the car is 36 Km/hr which is equal you are not 
required to 
respond here
142-4 This speed, 10 m/sec is the car’s initial speed
(V^) while its final speed (V&) is ........ for the
car has .......
36000
3600
143-4 Knowing (V^) , (V^) ana the distance covered until 
the car has stopped (D ), we can calculate its 
deceleration (a) from the relation:-
2 2
V = V + ........
2 1 ....... *
zero, 
stopped
144-4 By substitution:-
0 = 100 + 2a x 20
then a = ............
(the required deceleration)
2aD
145-4 In order to determine the force of friction we use the 
relation F = M  x a and by substitution we find that
F = (100) x (-2.5) = - 250 newtons.
Notice that the (-) sign here means that the force 
acted in an opposite direction from the movement 
because it is a force of .........
-2.5 m/sec^
146-4 Here is a similar problem:-
A  bicycle whose mass is 12 Kgm was acted upon by 
a force so that its speed decreased from 10 m/sec
friction
to 5 m/sec within 2.5 sec. What is the value of 
the force acting upon the bicycle and also the 
direction in which it acts? .......
147-4 Look at panel 96 and try to solve the problem in it, 
If you fail to solve it, go on to the next frames.
-24 newtons 
in an 
opposite 
direction 
(See panel 95)
147f-4 In this problem you notice that the first demand is 
the distance through which the bullet has penetrated 
in the sand bag. To obtain this, we should know 
first the deceleration of the bullet. Its initial
speed was = 16 m/sec and its final speed is 
because the bullet has stoped.
148-4 Time (t) during which the deceleration occured from
(V^) to (V^) is 0.05 sec. By using the formula:
V - V 2 1 . 
a = --- ----  and substituting the corresponding
values we find that a =
zero
149-4 In order to calculate distance (D) through which the 
bullet has penetrated into the sand bag, and after 
we know (V^), (V^) and (a) we use the formula:
0 - 1 6
0.05
t
-320 m/sec'
150-4 By substituting the corresponding values in this 
equation we get
D = ........
V? + 2aD
l
151-4 In order to calculate the second part of the problem 
which is the average force of impedence we use the 
relation:
F = M  x a 
and by substitution we get:
F = .......
256
6 4 0 = 0 -4m
152-4 The (-) sign of the impedence force indicates that 
this force has ......... the direction of movement.
0.02 x -320 
= -6.4 newtons
153-4 Now, we can make a revision of the main points that 
have been covered.
We have mentioned that forces might be muscular, 
magnetic or electrostatic. A  force might lead to 
pull or push or drag. Whatever the shape or the effect 
of forces a force is defined as: Any action acting 
upon a body and changing its shape, ......... or
opposed
154-4 As we have seen, different bodies possess the 
property of preserving their states of motion. If 
they are still, they would remain so and if they are 
moving they will continue moving with a constant 
speed and in a straight line. This characteristic 
of bodies is described as .............
its speed, 
its
direction
1.
155-4 As an explanation of inertia, Newton made his First 
Law which states that *A still body remains still 
and a moving body continues moving at a constant 
speed and in a straight line unless it is affected
by ............which compells it to change' its state
of motion.
inertia
156-4 We found that when a constant force acts upon a body 
it will move at:a constant acceleration. When we 
increase or decrease the value of the force acting on a 
body, its acceleration will consequently increase 
or decrease so as to be (proportional/inversely 
proportional to the acting force.
as external 
force
157-4 But the acceleration with which a body moves is 
(proportional/inversely proportional) to its mass 
when it is acted upon by a constant (unbalanced) 
force.
proportional
158-4' Newton’s Second Law stated that "the acceleration 
with which a body moves under the influence of a 
constant force is directly proportional to the 
acting force and inversely proportional to ........
inversely
.
159-4 In the light of Newton’s Second Law, if (a) 
denotes the acceleration with which a body moves, 
(F) denotes the .constant force and (M) denotes the 
mass of the body, then the formula that links a, F 
and M can be written as follows:
F = .............
its mass
160-4 Mass of a body is determined in standard mass units,
namely .......... which is equal to ....... tones
and equal, to ..........  gr.
/
M x a
161-4 Force is measured in a unit called ...........  there
is another unit which is 1000 times larger called
1000
1000
162-4 A newton is defined as the force which when it acts 
upon a body whose mass is 1 Kgm would make it 
acquire an acceleration of ..........
newton,
kilonewton
163-4 Similarly a kilogram is defined as the mass of a
body which when acted upon with a force of ...... .
2
would move with an acceleration of 1 m/sec .
1 m/sec^
164-4 The trass of a body is defined as the expression of 
what amount of material there is in a body. The 
greater the number of atoms or molecurles the 
body contains the greater would be ...........
1 newton
165-4 The weight of a body is defined as the value of its its mass
166-4 Since the weight of a.body is an expression of the 
gravitational force upon it, we can express the 
relation between the mass of a body, its weight and 
the gravitational acceleration as follows:
weight of a body = ....... x gravitational
acceleration
gravitational
167-4 Where mass is determined in Kgm, acceleration in
2 . .
m/sec while weight is determined m  n-----
its mass
168-4 Look at panel 97 and try to solve the problem in it. 
If you fail go back to previous frames.
newtons
168’-4 In order to calculate the value of the force (F) 
acting upon the ball, we should know the mass of the 
ball (M) and ............
go on, you are 
not required 
to respond 
here
169-4 The mass (M) is given in the problem as 500 gm which 
is equal to .......... Kgm.
its accelera­
tion
170-4 The value of acceleration can be found by determining
the initial speed of the ball = ........ m/sec,
its final speed = ........ m/sec and time
0.5
171-4 Using the formula:
V - V 2 1a = -------
t
and substituting the corresponding values we find
zero, 15, 
0.02
2that a = ......m/ sec .
-
172-4 Now, that we know the mass of the ball M = 0.5 kgm
and the acceleration with which the ball moves 
2
a = 750 m/sec , we can calculate the value of the 
force acting upon the ball by using the formula:
F = ..___
15 - 750 0.02
173-4 Substituting in this formula, we find that 
F = ....... .. newtons .
m x a
174-4 Look at panel 98 and try to solve the problem in it. 
If you fail, go back to previous frames.
375
174f-4 The bullet of the cannon was still at the base of 
the cannon i.e. its initial speed was zero. After 
it moved a distance D of 125 cms its final speed
go on, you are 
not required 
to respond 
here
became 50 m/sec. Here we have to think of the most 
convenient relation to use. Because V^, and D 
are known, and the average acceleration gained a is 
required, then, we can use the relation:
2 2 V = y + ..........2 .1 .........
175-4 By substituting the corresponding values in this 
2 2
relation: + 2aD we find that 
correct units.)
2 aD (see 
panel 99)
176-4 The result will be 2500 = 2.5a from which we can 
calculate the gained average acceleration a:
a = .... . = ........
2500 =
2 x 1.25a
177-4 In order to calculate the initial force acting upon 
the bullet F, we have to know the mass of the bullet 
M and its average gained acceleration a. We have just 
found the value of a and in order to calculate the 
mass of the bullet M we are going to make use of the 
weight of the bull W and the gravitational 
acceleration g by using the following formula:
W = .............
21000 m/sec
178-4 By substitution in this formula W = m x g
we obtain .........  = H x .... from which we
can calculate M: M = ..........
M x g
179-4 Now, we know that the mass of the bullet M = 2 kgm, and 
as we already know that the value of the average
2
speed at which the bullet moves is a 8 1000 m/sec , we 
can calculate the force with which the bullet is 
moved from the formula:
F = ___......
2kgm
t
180-4 Let us substitute the correct values in the 
formula F = M x g, we find that
F = ..........newtons.
M x g
181-4 We still have to find the time t which the bullet 
needed before it leaves the barrel mouth. More than 
one formula can be used here; the simplest of which 
is:
V - V 2 1a = -------
• • • •
2 x 1000 = 
2000
182-4 That formula can:be written as follows:
V - V 
t _ 2 1
• • • »
t
183-4 By substituting the correct values in this equation
2
(where a = 1000 m/sec , = zero and 
= 50 m/sec) we obtain
t = ---------- = ...... . sec.
a
184-4 Now,.look at panel 100 and try to solve the problem 
in it; if you fail go back to the preceeding frames.
0.05
184f-4 The aeroplane will move, starting from rest (V^ = 
zero) and will cover a distance D = 1500m when its 
speedCV^ = 180 kms/hr). This final speed is equal 
to ........ m/3ec•
Go on, you are 
not required 
to respond 
here
I
185-4 In order to calculate the acceleration (a) which the 
aeroplane gains, we can use the formula:
= .;......2 ........
180000
3600
50 m/sec
186-4 By substituting the correct values in this formula 
2 2
+ 2aD we find that:
= + 2aD
187-4 From this equation we deduced 2500 = 3000a 
We can find the value of the gained acceleration:
a = ------ = .........
• • • • • •
2500 =
2 x a x 1500
188-4 In order to calculate the time t needed for its take 
off (i.e. from the moment it started to move on the 
runway until the moment of taking off into the air) 
we can use the following formula:
• t
2500 _ 5 , ; 
3000 6 m/sec
189-4
V - V 2 1
By substituting m  the formula a = ------- we
find that
V - V 2 1
190-4 From the following deduced formula : ~
we find that
50 _ 50 x 6 
L 5 ... .........
6
5 50 - 0
6 t
191-4 We still have to calculate the propulsive force F
5 2
This can be calculated from the value of a = 7- m/sec6
and the mass of the aeroplane.
M = 50000 Kgm, and using the formula F = ......
300—  = 60 sec
- 5
192-4 By substituting the corresponding values in the 
formula F = M x a we find that:
F = 7* x 50000 6
^ 250000£ r ••••••0
M x a
193-4 Here is another simple problem. A proton whose 
-27
mass - 1.76 x 10 Kgm was acted upon by a force =
2.4 x 10 ^  newtons when it moves in one section of a
cyclotron . This means that the proton was moving
2with an acceleration = .........m/sec . •
2
41666-j newtons
194-4 And here is your last problem:-
Look at panel 102. If you fail to obtain the
required answer go back to the preceding frames.
1.437 x 1013 
(See panel 101)
1941-4 In order to calculate the force (F) acting upon the 
electron, we have to know first its mass which is 
= 9.1 x 10”31 Kgm and ...........
195-4 In order to find its acceleration (a), notice that
we have neglected the initial speed of the electron
6
and were given its final speed = 5 x 10 m/sec. 
We were also given the distance D covered by the 
electron which is 0.05 cm.
this distance = ......... m
its
acceleration
(a)
196-4 Since V^, and D are known, then we can calculate
2a using the formula = .........
0.0005
197-4 2 2By using the formula + 2aD and 
substituting we find that
1225 x 10 = 0 + _ _______
+ 2aD
198-4 12From this deduced formula 25 x 10 = 0.001a we 
obtain:
1225 x 10 , 2  
a 0.001 ....... m/sec
2 x 0.0005 x a
199-4
-31
Since the mass of the electron is = 9.1 x 10 Kgm
and we have calculated the acceleration with which
15 2the electron moves to be a = 25 x 10 m/sec , we 
can now calculate the electric force F acting upon 
the electron from the formula
15
25 x 10
200-4 By using the formula:
F = M x a and substituting we obtain: 
F = .........
F = M x a
201-4 End of the Fourth and Fifth Concepts
-14
2.275 x 10 
newtons
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Panel 1
Total time needed = 7 + (2 x 1.5) + 65
= 75 minutes
= 1.15 hours
The bus returned to the main centre at 8.15 hours
i.e. 7 + 1.15 = 8.15
Panel la
Average Speed Total Distance Covered Total Time Reeded
50
5
4
50 x 4 
5 40 Km/hr
Panel 2
f e © © • © © • © © • • •
....>
) 1 2 3 4 5 6 7 8 9 10 11 12 13 i
i l
"|L — — —— — -*• —  ■ —  . —■ ■— —~ —• ' — —— — *”
j 50 cm j
The time between two consecutive points is equal to ~  sec., so the 
time between the first and the eleventh points (10 interval 
distances) is the total time required, which is:
1 1 10 x Jq = sec.
= 0.2 sec.
- Panel 2a
Average Speed = Di.st?.nce Covered
s p Total Time Required
50
I
5
= 250 cm/sec 
= 2.5 m/sec
Panel 3
300km
3 hours
. B 100km
J
£hour
It is clear from the figure that:
\ hour
Total distance covered 
and Total time required 
by using the formula:
Average Speed
and substituting:
Average Speed
= 300 + 100 = 400 km
3 + I5 + § = 5 hours
Total Distance Covered 
Total Time Required
400 = 80 km/hr
Panel 4
The School Your House
j 3 min j 3 min
1 i
I 1 min
It is clear from the figure that:
3 min
1 min
I
j 3 m m  
I
1 min
!
Total distance covered 
and Total time required 
by using the formula:
Average Speed
10 km
15 min = 0.25 hr
Total Distance Covered 
Total Time Required
and substituting:
Average Speed = 10
0.25 40 km/hr
Panel 5
[ . © © © • • © • © © © ©
1
1
2 3 4 5 6 7 8 9 10 11 J
I I
L  2o _____
i i
Panel 5a (
/ • © • © • ©
\ 1 2 3 4 5 6
©
7
©
8
© • © © © © \
9 10 11 /
1
-----------— 20 cm
1
— --- — — —  —  —
I
The time between two consecutive points- = 150 sec. So the time
between the first and tenth points = 9 x
1
50
it sec (Since
the number of interval distances between the first and tenth 
points = 9). The time sec." is the total time required, and
"20 m" is the total distance covered. By using the formula:
, Total Distance Covered 
Average Speed =----------------- -----
Then substituting: Average Speed = = 1^2. cra/sec
50
10 ,■ - m/sec
y
No; the average speed doesn't equal 1 m/sec but is equal to ^-m/sec.
Panel 6
\ 4.5cm I
l<£- -  ------ -3>j
l l
I i
1 .
A
• * • • © e
i
I
\
• • © e?-
I
I
l
©
. :® -
!
1
l
i
C
: .
I i
U ^ ~ .---    —  — —  11 cm - — . — ----------- —  ^ 2sJ
1 i
. , n  ^ ,A _N Total Distance Covered
Average speed between (A,D) =
11 11 x 50
11 11 
50
= 50 cm/sec
= 0.5 m/sec
(hence the number of interval distances between A and D = 11)
Panel 7
Number of pupils absent
7
6
5
4
3
2
1
Sat Sun Mon . Tues Wed Thurs Days
Panel 8
550
500
450
400
350
300
250
200
150
100
50
Increase of population 
(in thousands)
i
i
.S.
1
1
1
1
11i i
1
66 67 68 69 70 71 72 73 74 75 Years
Panel 9
i\ Speed (cm/sec)
10 -  
9- 
8 - 
7- 
6 - 
5- 
4- 
3> 
2 -  
1-
3 4
* Notice from the figure
• that the frequency of 
the ticker timer is 
10 dots/sec.
Time(sec)
Panel 10
Speed (m/sec.)
50
20
10
~i------ 5 ^
^  (Time (sec)
.Panel 11
Time
(sec) 1 2 3 4 5 6 . 7 8 9 10
Speed 
(m/ sec) 15 60 30
Panel 11a
Time
(sec) 1 2 3 4 5 6 7 8 9 10
Speed
(m/sec) 15 30 35 40 60 55 25 15
30 40
Panel 12
Distance Cm)
.700 -
600 -
500 -
400 -
300 -
200 -
100 _
0 40 50 60 70 80 90 Time (sec
Panel 13
• Speed (m/sec)
T "  1 * 1
20 30 40 50 60 70 90 Time(sec)
Panel 14
Speed (m/sec)
1------ 3 ^
4 Time :(sec)
sPe&d O f
stan
■Light «.
C e  bet»t
* 108
een
V s
the
U
sun
me r Q
x 10'
and
ee
th e
9*rfr,
earth „
ad  
£ u n
x  IQ '
for
dii
the
ISoo
Sp^ e d ^ ^ c e
sun’s
iight
e^rth 
X lor
1.5
m
89 i500
1:Lg h t
to arri­v e
a t
x Jo'
the
km
500
500 
60~ 59 .££
3 Vi2
sec
Panel 15b
_ , DistanceSpeed = — — :----
r Time
30Speed =
0.05 x 10"6
3000
5 x 10"6
6= 600 x 10 cm/sec
g
= 6 x 10 m/sec
Panel 15 c
The distance is a circumference of a circle,
• . . . 22which is equal to 2 x radius x —
6 22
Distance = 2 x 7 . 6 x 1 0  x -y-
Speed = Distance 
Time
2 x 7.6 x 106 x 22 
8 x 103 x 7
334.4 ,„3
= 56 X 10
= 5.971 x 103sec
Panel 15d
Average speed = 105000 km/hr
Time = a week = 7 days = 7 x 24 hr = 168 hr
Distance = Average speed x Time 
= 105000 x 168
=' 17640000 
= 1764 x 10^  km
Panel 15e
Average speed = 30000 km/hr
Distance = 7 5  million kilometre
= 75 x lO^km
Time DistanceAverage Speed
75 x 106 
4
3 x 10 
= 25 x lO^hr
Panel 15f
Kuwait
Al-Jahra
Borkan
Scale: 1:2000000
- Panel 15g
* Distance is measured by different length units, as: 
kilometre (km), metre (m) and centimetre (cm).
* Displacement is measured by length units, taking 
direction into consideration.
* Speed unit consists of length and time units.
* Velocity unit consists of speed unit + direction.
Panel 16
4Okm/hr
Starting Point
CO
Finishing Point
Scale: lcm:2.5km
Panel 16a
40km/hr
Starting Point
CO
Finishing Point
Scale: lcm:2.5km
Distance = Speed x Time
Distance (AB) = 40 x { = 20 km
Distance (BC) = 30- x J - 15 km
Total distance covered = 2 0 + 1 5  = 35 km.
Panel 16b
40km/hr
Starting Point
Finishing Point
Scale: lcm : 2.5km
Displacement = 25 km (by using a ruler, notice that the scale
is: each 1 cm represents 2.5 km)
The length of Ac = 10 cm, so AC = 10 x 2.5 = 25 km
Panel 16c
■ _ , Total Distance Covered
Average Speed = ^  -----
= «y = 35 km/hr
Panel 16d
. TT , . ' DisplacementAverage Velocity = ^  Heeded
25—  = 25 km/hr south-west
1
Panel 17
10km
20km/hr
S
Scale : lcm : 2km
Panel 17a
Time needed from A to B =
Time needed from B to C =
Total distance covered 
Average Speed
Distance 10 km
Speed 20km/hr
hr
10 hr
—  hr
20km10 + 10
Total distance covered
Total time needed Scale: lcm:2km
20
7
6
20 x 6 120 km/hr
= 17.14 km/hr approx.
Panel 17b
By using a ruler and measuring the 
length of AC, you will find it 
equal to 7.1 cm (Since the scale is 
lcm : 2km), so :
displacement = 2 x 7.1
= 14.2km east-north
(approx)
10km
20km/hr
m
In fact, the accurate amount of the 
displacement is equal to
= 14.14km east-north
(so we will use this amount with the next frame)
Panel 17c
We found that the displacement = 14.14km east-north and found
that the total time required = — sec.
A TT i . Displacement
verage e oci y Total time required
14.14 14.14 x 6
I 7
6
■ = 12.12 km/hr east-north
- Panel 18
100m
100m
100m
100m
Panel 18a
From the figure, we notice that: 
Total distance = 300m
The displacement = 100m
so
Average speed
300
= 150 m/min
= 2.5 m/sec
and
Average velocity =
100
100m
100m
100m
100m
- 50 m/min south
= -g- m/sec south
Panel 19
400 km/h4
300 km/hr
Wind Direction 
^  -----
 ---
Time of going =
10
400 "  40 hr
Time of returning =
10
300 30
hr
Total time needed = i  + A .  = hr
Average speed
20
7
2400
= 342.9 km/hr
120
Panel 20
A  Speed (km/hr)
75-
70-
65-
60-
5 5 “
50-
0 Time (sec)
Panel 21
Speed (km/hr)
50
T--------
5 Time (sec43O4.10
Panel 22
= zero 
V 2  = 40 m/sec
by using the formula : a
then substituting : 10
you will find : t
a
t
t
40
t
4 seconds.•
2
= 10 m/sec
= ? sec
Panel 23
Panel 24
Speed (m/sec)
12
10
-4- - - ^
6 Time (sec)
Panel 25
by using the formula:
a =
V - V
2 1
then substituting: a
we find: a
8 - 0
« 2 m / s e c
Panel 25a
by using the formula:
V - V 
2 1 
a - --- - ---
then substituting: a = = y
we find: a = 2 m/sec
Panel 25b
by using the formula:
V - V 
2 1 
a = --- - ---
t. .... 12 - 2 10then substituting: a =  ^ = - y
Panel 26
V = 20m/sec t = 4 sec
V = zero a =  ? m/sec
2
by using the formula:
then substituting:
0 - 2 0  -20
a = • 4 4
we get: a = -5m/sec^
The minus sign (-) indicates that we have a deceleration.
£ Speed (cm/sec)
Panel 27
* the frequency of 
the ticker-timer 
which was used is 
equal to 10 dots/sec
Time (sec) 
 _ £ >
The initial speed (V^) = ....... cm/sec. Time (t) - ......... sec
The final speed 0 ^ )  =,...... cm/sec Accel (a)= ......... cm/sec
The formula : a = ...........
by substituting a = .............
we find a .
Panel 28
Speed (m/sec)
20
10
 ^
Time(sec)
Panel 29
l\ Speed (m/sec)
20
— 3 ^
Time (sec)
Panel 30
v i  = °
v, = 5 ^ 6 0 0 0 0  = 9600 m/sec
Z JoU
(hence 1 km = 1000 m, and 1 hour = 3600 sec.) 
2
t = ? m/sec
V - V. 2 1 
by using the formula: a = •
then substituting a =
t
9600 - 0 
120
240
3
2
we find: = 8 0  m/sec
Panel 31
V- = 36 km/hr = = lOm/sec
1 3600sec
= 20 m/sec
t = 5 sec
a = ?
by using the formula: a = —
20 -  10
V - V 
2 1
then substituting a =
Panel 31a
= 20 m/sec t’ =
V f
2 = ? m/sec a =
V - V 
2 1
by using the formula: a = --- ----
then substituting: ^ - 20
V 2 “ 2 =  6
we find: = 26 m/sec
Panel 32
= 40 m/sec a = -0,
^ 2  = • W s e c  t = 10
V2 “ V 1
by using the formula: a = --- ----
V2 “ 40
then substituting: -0.5 =  i q ' ~~
V2 - 4 0  = -5
we find: = 35 m/sec
3 sec 
2 m/sec^
5 m/sec 
sec
Panel 32a
Vj^  = 40 m/sec 
V* - 0
by using the formula: a =
then substituting: -0.5 =
-0.5t1 = 
t» =
a = -0.5 m/sec
t 1 = ? sec
V - V 
2 1
t
0 - 40
r
-40
40
0.5
we get: = 80 sec
Panel 33
peed
M l
Time
Panel 34
V1 =  0
= 20 m/sec
D = ? m
t = 5 sec
by using the formula: D = V x t
since V =
V + V
VI 2
then substituting:
we get:
D =
0 + 20
x 5
= 10 x 5 = 50m
Panel 35
We know the formulae: a =
V =
V - V
2 I
V + V
VI 2
From (2) and (3) 
From (1)
D = V x t
V + V 
1 2  
D =  x t
V2 = V ♦ at
by substituting (V^) from (1)' into (3) 
we get:
» .
V + V + at 
D = — — — =------ x t
2V^ + at
x t *
D = V t + 5 at"
(1)
(2)
(3)
(3) 1 
(1) 1
(4)
Panel 36
Before deducing the formula (4) we had to use the formulae (1), 
(2) and (3) to solve this problem, but now the solution becomes 
easier by using (4):
V^t +
= £at (hence - 
= £ x 4 x 25
- i S £  = 50m
0, so V^t = 0)
Panel 37
Speed
V.2
Timet
Panel 38
a =
V =
V - V
2 1
V 2 + V1
D = V x t — --------
by substituting (V) from (2) in (3):
(1)
(2)
(3)
(3) *
then by substituting (t) from (1) in (3)f s
we get:
D =
V + V V — V
2 1 ... 2 V1 
  --------  x --------
2aD =
2 2
V - V 
2 1
Vx + 2aD
Panel 39
2 2
V 2 = V1 + 2aD " 
2 '
since (V^ = 0 ,  so = 0)
(5)
the formula becomes: V
by substituting: V
= 2aD
2 x 4  x 18 
144
we find V_ = /144 = 12 m/sec
Panel 40
2
V1 = 25 m/sec a = — 5 m/sec (deceleration)
V 2 = 0 D = ? m  (stopping distance)
2 2
by using the formula: V  ^ + 2aD
then substituting: 0 = 625 - 2 x 5 x D
10D >  625
D = 62.5 m
Panel 41
2
= 25 m/sec a = -5 m/sec
V 2 = 0. t = ? sec (stopping time)
by using the formula: a =
V - V 
2 1
t
, . c 0 - 2 5
then substituting: -5 = —  ---
-5t = -25 
5t = 25
25 rwe get: t = ~  = 5 sec.
Panel 42
' ! I1 i I
I__________________L_ ___  !
I I I
Uc£- -  -  ^   -------------- —  —  -     t 2 ----------- ------
(A) | |
r * z   -------     ■-t ------------------   x^,
—  —  D_ - —  --------— ------- ~o
i 1 I z
( B ) | ^ _   _ _ _  D _____ ___
Panel 43
= 20 m/sec = 0 t^ = 1 sec
t = ? sec D = 25 m
To calculate t, we have to know t^ (thinking time) and t2 (stopping 
time), hence: t = t^ + t2
To calculate t2 we have to use the formula:
2 2
+ 2aD 
0 = 400 + 2a x 25
a  = — 2. = - 8  m/sec2
V - v
Then the formula: a =-----=--------
0 - 20  ^ -20
-8 = —  ---  t„ = — = 2.5 sec
2 2 - 8
So, the total stopping time (t) = 1 + 2 . 5  = 3.5 sec
Panel 43a
2
V 1 = 25 m/sec a -* -5 m/sec
V 2 = 0 D = ? m
2 2
by using the formula: V2 = + 2aD
then substituting: 0 = 62.5 - 2 x 5 x D2
10D2 = 625
we get ^2 = m  (This is the stopping distance)
The thinking distance (D^) = 12.5 m  (since the speed of the car 
was uniform, so it covered in \ sec the distance mentioned).
Finally,
The total distance = 6 2 . 5 + 1 2 . 5
= 75m
Panel 44
k m / h r ) School
Thinking Time = ^sec
Panel 45
72 km/hr = -,7 ”  = 20 m/sec
3600
The car will cover in \ sec (uniform speed = 20m/sec) 
a distance of 10m. This distance is the thinking distance. 
To find the stopping distance, we have to use the following 
formula:
2  2
V 2 = V 1 + 2aD
0. * 400 - 2 x 5 x D  .
10D = 400
D = 40 m
So, the total stopping distance = 10 + 4 0
• = 50 m
Panel 46
2
1) = 40 m/sec a = -20 m/sec
V2 ® 0 D = ? m
2 2
by using the formula: V 2 = + 2aD
then substituting 0  - 1600 - 2 x 20 x D
40D = 1600
1600 /rt
we get D = = 40 m
2) To calculate the stopping time, we have to use the follovzing
V - V
formula: 2 1
a  =  _ _ _
then substituting: -20 =
2
-201 = -40
20t = 4 0
we find: t = 2 sec
Panel 47
v i  = °
V2 = 20 m/sec
1) by using the formula:
then substituting
t = \ min = 30 sec
2
a = ? m/sec D = ?m
a =
a =
V - V 
2 1
t
20 -  0
30
2 / 2 —  m/sec
2) by using the formula: v!
then substituting
we get
400 =
>  -
+ 2aD (we can use other formulae)
400
400 x 3
= 300m
' Panel 48
= 18 m/sec
V2 * °
1) by using the formula:
then substituting
t = 5  sec
a = ? m/sec"
a =
a =
V - V 
2 V1
t
0 - 1 8
D = ? m
= “3.6 m/sec'
(or we say the deceleration = 3.6 m/sec )
2) by using the formula: 
then substituting
we find
V2
0
7.2D 
D
+ 2aD (we can use other formulae) 
324 - 2 x 3.6D 
324 
45 m
Panel 49
n r ,  2 D = ? m  t = 4 sec
a = 0.5m/sec
2
by using the formula: D = V^t + ^at
2
D = |at (hence = 0)
then substituting: D = | x j  x 16
- £  - t o
4
Panel 50
V = 0 D = 800 m
V 2 = ?m/sec t = 1 min = 60 sec
2
by using the formula: D = V^t + gat
D •= iat2 (hence = 0)
then substituting 800 = {a x 3600
■ ■ 1600 4 , 2
we get a = 3600 9 m/seC
v - V
now by using this formula: _ 2 1
a =
then substituting
4 Y-°
9 60
£ • j TT 4 x 60 80 0<r2 ,
we find V = — ----- = —  = 26—  m/secz y o j
Panel 51
= 50 m/sec D = 5 cm
2
^ 2  ~ ® a ~ * m /sec t = ? sec
2 2
1) by using the formula: + 2aD
then substituting 0 = 2500 + 2.x 0.05 x a
0.1a = -2500
we get a = - 1 2 5 0 0  m/sec2
V - V2 1
2) by using the formula: a =
then substituting -25000 =
t
0 - 50 
t
we get t -25000 500 Sec “ 0*002 sec
Panel 52
i-< 10 sec
0 j ©  . O c o
3mm 23mm
Panel 53
The distance between each two consecutive dots on the tape 
represents the trolley speed at each second, so:
The initial speed of the trolley = 3 mm/sec
The final speed of the trolley V 2  = 2 3  mm/sec
(refer to experiment 4)
From the figure it is seen that the change in the trolley speed 
occurred in 10 sec (t = 10 sec). By using the formula:
t
_ (23 3) mm/sec
10 sec
= 2 mm/sec^
-Panel 54
Scaler 1cm:10cm
Stroposcopic Photograph
Panel 55
The distance between each two consecutive stroboscopic positions 
of the ball represents the trolley speed at each second. From the 
photograph (since the scale is 1cm : 10cm) we can deduce that:
The initial speed of the ball = 5 x lOmm/sec = 5cm/sec
The final speed of the ball = 30 x 10mm/sec = 30cm/sec
(refer to experiment 5)
From the photograph it is seen that the changing in the speed of 
the trolley occurred in 5 sec. ( t = 5 sec). By using the formula:
V. - V,
a =
- (30 - 5)cm/sec
5 sec
= 5 cm/sec^
Panel 56
Feather
Piece of Metal
Feather & Piece of Metal
Panel 57
~ 0 (because the coin moved from rest)
t
V 0 = ? m/sec t = 2 sec g - 9.8 m/sec^
By using the formula: 
then substituting
we get
g =
9.8 =
V - V 
2 1
Y-o
V 2 = 2 x 9.8
= 19.6 m/sec
*V = 0
The Ground
*7/7777777
g = 9.8,/sec 
t = 2sec
V = ?2
Panel 58
1) By using the formula: D =
then substituting =
2) By using the formula: D =
then substituting 
we get
V + V 
1 2
0 + 19.6
igt
x 2 = 19.6 m
= \ x 9.8 x 4
= 19.6 m
* Notice that the two answers are identical.
Panel 59
The Cliff
t = 4 sec
Vi - 0
V 2  = ? m/sec
by using the formula:
then substituting 
we find
g =
9.8 =
V - V 
2 V1
v2-o
V 2  = 39.2 m/sec
g = 9.8m/sec
The Ground
Panel 59a
1). By using the formula:
then substituting 
we get
2) By using the formula: 
then substituting
we get
The Cliff
= 78.4 m
D = Jgt2
= | x 9.8 x 16
= 78.4 m
* Notice that the two answers are identical
9 .8m/sec
3 9 .2m/ secThe Ground
Panel 60
By using the formula:
V - V 
2 V1 g =   ---
-9.8 =
29.4
9.8
we get = 3 sec
v2 - 0
CM
O
Q)
COthen substituting
0 2 9 . 4  e
00
I!
60
I
= o
V
CM
O
0)
(0
'e
00
o\
I
60
V ' = 29.4 
m/sec
= 29.4 
m/sec
Ascending Descending
Panel 60a
1) By using the formula:
V  + V
D = V x t
then substituting •
« _ 29.4 + 0
D = ---- 2--- x 30
we get = 4 4 .lm
2) By using the formula:
D = Vjt + igt2
then substituting 
D = 29.4 x  3 - { x  9.8 x 9
we ge t = 44.lm
V = 0
CM
6C
A
V 1 = 29.4 
m/sec
VICJ<uCO
'a
00
o\
I
60
- 29.4 
m/sec
Ascending Descending
Panel 61
1) By using the formula: g =
then substiuting 9.8 =
we get t =
2) By using the formula:
D =
then substituting 44.1 =
we get 
Then,
by using the formula: 
then substituting
we get
v;
v - v 
2 1
29.4 - 0 
t
29.4 
9.8
= 3 sec
V 1  +  v 2  
2
0 + v2
x t
x 3
2 9 .4m/sec 
+ 2gD
0 + 2 x 9.8 x 44.1 
864.36
= /864.36 = 29.4 m/sec
g = 9 .8m/sen
V 2 = 29.4 
m/sec
Descending
Panel 62
_2
t
or V2 = gt (since = 0)1) By using g =
The final speed after 1 sec = 10 x 1 = 10 m/sec
The final speed after 2 sec = 10 x 2 = 20 m/sec
The final speed after 3 sec = 10 x 3 = 30 m/sec
The final speed after 4 sec = 10 x 4 = 4 0  m/sec 
The final speed after 5 sec = 10 x 5 = 5 0  m/sec
By using D = £gt
2
(since V.. = 0)
The distance covered in 1st sec = 5m
The distance covered in 2nd sec = 20m
The distance covered in 3rd sec = 45m
The distance covered in 4 th sec = 80m
The distance covered in 5 th sec = 125m
3) So, we deduce from (2) that the height of the balloon is 
equal to 125m
vx=o
10m/ sec
20m/sec
30m/sec
"0
-5 m
-20m
-45m
40m/sec
50m/sec hi25m
-80m
Panel 63
1) To calculate the height of the tower, the following
formula can be used: Top of the tower
2
D = Jgt 
D = | x 10 x 16
= 80m
2) To calculate the speed of the stone the following 
formula can be used:
V - V 
2 1
V,
10 = J2
4
^ 2  = ^ 0  m/sec
V
The Ground
- 0
g = lOm/sec 
t = 4sec
V n  - ?m/sec
• Panel 64
1) To find the speed of the stone when it hits
the surface of the water, the following formula 
can be used:
g =
10 =
V - V 
2 1
V,
V£ 88 30 m/sec
2) To find the mean speed V of the falling stone, use
the following formula:
V, + V, 
V = — ____ f 0  + 30 = 15 m/sec
3) To find the depth of the well use this formula:
D = V x t Water Surface
7 , - 0
g = 1 0 m/sec 
t = 3sec
V 9  = ?m/sec
Panel 65
30 m/sec
0
g = -10m/sec"
1) V 2 = + 2gD = 900 - 2 x 10D
2 
20D
2) g =
-10 =
t =
= 900
900
20 = 45m
V - V 
2 1
t
0 - 30
(during ascending)
3) D 
45
t2
* This
-30
-10
2
= 3s ec
= £gt (during descending)
= J x 10 x t
= 9  t = 3 sec
indicates that: ascending time
Maximum Height
CM
o
0)
w
'e
0
H
1
I!
60
A
V^=30m/sec 
descending time
CM
o
0)
W
'e
o
I
60
Panel 66
Speed (m/sec)
50 -
40 -
30 .
10 -
-i— :— ^
6 Time(sec)4 53210
Panel 67
V_L = 0 D = 150 m
2
\T£ = 100 m/sec a = ? m/sec
By using the formula:
2 2 
V2 = V 1 + 2aD
then substituting 10000 = 0 + 2 x a x 150
300a = 10000
10000 001 , : 
we get a = ' 3 qq " " 33j m/sec
Panel 68
= 2.5 x 10 m/sec D = ?
a = -6.25 x 103 m/sec^
2 2
By using the formula: + 2aD (since
2 2
then substituting 0 = (2.5 x 10 ) - 2 x
D 6.25 x 104
2 x 6.25 x 108
10 x 103 _
— ------ n = 5 X
2 x 10s
= 5 x 10” 3 cm
-2
therefore: D = 5 x 10 mm = O.Of
= zero)
6.25 x 103 x D
-5
10 m
mm
Panel 69
Speed (m/sec)
II III
0
Time(sec)
 -
600 240
Panel 6Sa
1) \  = 0
= 90 km/hr
90000
3600
t = ? sec
= 25 m/sec
V + V
-  . - 1 2
By using the formula D = V x t (since V a- (~—  --- )
then substituting 2000 = 12.5t
2000
we find t =
12.5
= 160 sec
2) Distance covered in stage (I) = 2000m
Distance covered in stage (II) = 25 x 600 = 15000m
25 x 240
Distance covered in stage (III) =  x--- = 3000 m
So the total distance covered =
2000 + 15000 + 3000 = 20000m
20km
Panel 70
90000 , 2
1 = 3600”  = m/sec a = ”5m/sec
V 2  = 0 D = ? m
V - V 
2  1
1) By using the formula: a = — —  ----
t . C 0 - 2 5
then substituting -5 = —  ----
25
we find t = —  = 5 sec (stopping time)
2
then by using D = V^t + ^at
and substituting D = 25 x 5 - 5 x 5 x  25
we find = 125 - 62.5 = 62.5m
2) In \ sec the car covers 12.5min its initial speed (V^ = 25 m/sec) 
So, the total stopping distance = 12.5 + 6 2 . 5
= 75m
3) So, the car will stop before the traffic lights.
Panel 71
2
= 30 m/sec g = 10 m/sec
V2 = 0
v2 - V l
1) By using the formula: g =
then substituting -10 =
t
0 - 30 
t
30
we find t = J q = 3 sec (ascending time)
» 2
Then by using the formula D = V^t + £gt
then substituting = 30 x 3 - | x 10 x 9
we find = 90 - 45 = 45 m  (the height)
2) Throwing speed = returning speed = 30 m/sec
3) Ascending time = descending time = 3 sec
So, the period of time the ball remains in the air = 2 x 3  = 6  sec.
Panel 72
x V x '  / 7 /  /  / /  / /  / /  / /  / / /  /  / / / /
A B
Panel 73
Starting Point
final point
.-final' point
Where is the final point?
Panel 74
Cork
Dry Ice
Metal Disc
Horizontal Glass Plate
Panel 75
V
r  O  »<.■*. f  ^ Vrvj
r%*-) J f ^ ^ ('"^5^ j
■ T * ^  10 20 30
\- r* ~— —  ■— ■”
r* ^V^r*
40 50 60 70 80 90 I  ‘
«*****■•
Balloon
Light Metal Tube
Wooden or Plastic Plate
Sliding Surface
/  /  /  /  /  / / / / / / / / /
Panel 77
Sliding Body
Holes
Strong Air Current
Linear Air Track
Panel 78
B A
Panel 80
Panel 81
Panel 82
The second component of
the gravitational force which
balances the force of friction.
Gravitational Force
*V77 "JSJSJSVy- S s s s
Gravitational Force
The first component of 
the gravitational force 
which helps in holding 
the trolley onto the runway.
Panel 83
lsec 2sec 3 s e c  4sec
<a e s s w s a o o o o o o Q Q  © © ® o e o © O /;■ <k ; o o « © © o o © © ^
3cm 12cm 21cm 30cm
Panel 83a
M  = ~  kgm F = ? newton (N)
2
g = 10 m/sec
By using the formula: F = Ma
then substituting F = x 10
we get F = IN
Panel 87
M  = ? kgm
a = lOm/sec
F = 1000N
By using the formula: M  =
then substituting M  =
we get M  =
Panel 85
M  = 12000 kgm
F = ? N
25 , 2
a = —  m/sec
6
Ey using the formula: F
then substituting F
Panel 86
= Ma
= 12000 x
= 50000N
25
-^>a = ?
M  = 5 Kgm f = 20N
w , ,
~7rs r
By using the formula: a =
then substituting a =
we get a =
Panel 87
M = ? Kgm; gr.
3 >
a = 20 m/sec'
F ~ 3 Kilonewton
S Z / / / S S /
By using the formula: M  =  .........
then substituting M  = .............
we get M  =  Kgm
or M  =     gr
Panel 88
2kgm )
Panel 89
ZZ//ZZ// ///////// / /yy/////  yyy/////, //syy/yyy
1 1
10 10
lkgm
J 2kgia
3kgm
4k gm
5kgm
Panel 90
Panel 92
M  V  30000 Kgm 
a = 2  m/sec^
By using the formula: F
then substituting F
we find
F = ? N
Ma
30000 x 2 
60000N
60 Kilonewtons
Panel 93
- 2 010 N M = ? Kgm
1 0 ^  m/sec
By using the formula 
then substituting
we find
Panel 94
Problem: A  car's mass is 100 Kgm, it moves at a speed of 36 Km/hr.
If the driver used the brakes, and the car stopped after 
covering 20m. Calculate:
1) the average deceleration
2) the force of friction which affected the wheels of
the car during the deceleration.
2
(answers: -2.5 m/sec ; - 2500N)
Note: If you could solve this problem skip to frame No 146-4.
M  =
10
10
-20
IT"
M  = lcf20 X l(f11
-31 
= 10 Kgm
F = 
a =
Panel 95
M  « 12 Kgm t = 2.5 sec
= 10 m/sec F = ?N and direction
V 2  “ 5 m/sec
Deceleration can be calculated by the formula:
then substituting a
5 - 10 
2.5
5
■2 m/sec'
2
2.5
and by using the formula : F = Ma
then substituting F = 12 x -2 = -24N
The negative sign (-) indicates that the force vzhich affected the 
bicycle has opposed the direction of the movement.
Panel 96
Problem: A  bullet set off at a speed of 16 m/sec. If it
penetrated a sand bag ana stopped after 0.05 sec. 
Calculate:
1) the distance it penetrated
2) the average force of impedence which affected 
the bullett
No te: If you could solve this problem skip to frame no 153-4.
Panel 97
Problem: A  football's mass is 500 gr. If a football player
kicked it in a horizontal direction (towards the 
goal), and its speed increased from zero to 15m/sec 
in 0.02 sec. Find the force which affected the ball.
(The answer : 375 N)
Note: If you could solve this problem skip to frame No 174-4.
Panel 98
Problem: The weight of a bullet of a cannon is 20N, and the
length of its barrel is 125 cm. If the bullet set 
off at a speed of 50 m/sec from its mouth, calculate:
1) the average speed gained
2) the average force acting upon the bullet
3) the time that the bullet needed before it left the
2
barrel vent. (Consider g = 10 m/sec )
2
(The answers: 1000 m/sec ; 2000 N; 0.05 sec)
Note: If you could solve this problem skip to frame No 184-4.
Panel 99
50 m/sec
\ /
W = Mg
Panel 100
Problem: The mass of a jet passenger aeroplane is 50,000 Kgm,
it needs to cover a distance of 150 m  before it can 
take off at a speed of 180 km/hr. Supposing that the 
acceleration is constant, calculate:
1) the acceleration it gained
2) the time required to take off
3) the force of push
5 2 2
(The answers: m/sec ; 60 sec; 41666^ N)
Note: If you could solve this problem, skip to frame No 193-4
Panel 101
M  = 1.67 x 10 2\ g m  a = ? m/sec2
F = 2.40 x 10~14N
By using the formula: F = Ma
-14 -27
then substituting 2.40 x 10 = 1.67 x 10 x a
2.40 x 10~14 
a = ------
-27
1.67 x 10
-14 27
= 1.437 x 10 H x 10
= 1.437 x 1 0 ^  m/sec2
Panel 102
-31
Problem: The mass of an electron is 9.1 x 10 Kgm; it takes
off from the cathode inside the cathode ray tube 
towards the anode whose distance from it is 0.05 cm.
It hits it at a speed of '5 x 10 m/sec. Calculate the 
electric force which is acting upon the electron.
(By neglecting the speed at which the electron takes 
off from the cathode consider it was zero.)
(The answer: 227.5 x 10 4N)
Note: If you could sove this problem you have finished the
programme.
Thank you and good luck.
APPENDIX fR*
PRIMARY QUESTIONNAIRE FOR PHYSICS TEACHERS WHO 
TAUGHT FIRST GRADE IN KUWAITI SECONDARY SCHOOLS 
DURING ACADEMIC YEAR 1975/1976
University of Surrey
I.E.T.
1975 - 1976
Primary Questionnaire 
for
Physics Teachers Who Taught 
First Grade in Kuwaiti 
Secondary Schools During 
the Academic Year 75 - 1976
Prepared by:
MISBAH M. HAJ-ISSA
INTRODUCTION
The purpose of this questionnaire is to gather some 
information which may be used in a research to develop the physics 
curriculum and teaching.
We request your candid answer in order to form an accurate 
picture of the situation.
These are the questions:
1. At which date approximately did you start to teach the speed 
concept?
 /___/197_
2. At which date approximately did you finish teaching the mass 
concept?
 /___/197__
3. Were the instruments and equipment which you need in your 
teaching available?
0 Yes O  No
4. If the instruments and equipment were not available, state in 
detail, what was needed.
5. If you taught the physics curriculum for the first grade in 
secondary school, what were the teaching points the pupils 
did not understand?
6. If you are teaching physics for the first grade in secondary 
school for the first time, what difficulties have you faced 
during this period?
7. In which practical lessons have you succeeded?
8. What are the practical lessons which you failed to do inspite 
of the availability of instruments?
What do you think are the reasons for failure in the 
practical lessons?
Is the allocated time for the prescribed physics concepts 
(less than/equal to/more than) the real time you needed?
Do you suggest reducing the syllabus?
Q  Yes O  No
What teaching points would you like to omit?
Do you suggest increasing the syllabus?
0  Yes 0  No
What teaching points would you like to add?
Any suggestions or comments concerning the physics 
curriculum in this grade?
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APPENDIX ’T ’
TEST OF LINGUISTIC INTELLIGENCE 
"T.L.U."
STATE OF KUWAIT 
Ministry of Education
Social Service Department 
Control of Psychological Service 
Research Centre
Test of Linguistic Intelligence
Prepared hy
DR. RAJA M. ABOU-ALAM 
HAMDI R. HANBALI
Here is a group of questions designed to measure your thinking 
ability. The result has nothing to do with your school work. Answer 
the questions one by one, and as quickly and as accurately as possible. 
Do not take more time than necessary to answer a single question. If 
you notice that a certain question is too difficult to answer, leave 
it and attempt the next one.
Instructions
Each question is followed by four alternatives. Choose the correct 
one and then, using the answer sheet, blacken the space below the letter 
that identified with your choice.
There is only one correct answer in each group of alternatives.
Example 1
Model Answer Sheet
The relationship between white and
black is like that between short and: A B C  D
A. Tall 1. |  II II II
' B. Wide 2. || || || |
C- Fat 3. || || I  ||
D. Thin b. || 1  || ||
The correct answer is uTallM . That 
is why the space under the letter "A" 
in the Answer.Sheet has been blackened.
Example 2
Find the two sequential numbers in the following series of numbers:
2 - U -  8 - 16 - ..............
A. 20 - 2k
B. 32 - k o
C. 20 - U8
D. 32 - 6k
The correct answer is D. That is why the space under the letter nD" on 
the Answer Sheet has been blackened.
Example 3
I have three friends, one of whom is short, and only two have non-white 
faces.
A. M y  third friend is hrown.
B. M y  third friend is short.
C. M y  third friend is white and tall.
D. No answer.
The correct answer is tfCn . That is why the space under the letter ,fCfl on 
the Answer Sheet has been blackened.
Example U
An old man complained that he was not able to walk round the garden as he 
used to do. But now he is able to walk only half of the distance and 
come back.
This statement is nonsense because:
A. It is better for him to walk in the streets.
B. The distance is the same in both cases.
C. The man has become lazy.
D. Old people cannot walk.
The correct answer is "B". That is why the space under the letter ”B U on 
the Answer Sheet has been blackened.
Time Allowed: 25 minutes
Do not put any mark on this test booklet 
Use only the Answer Sheet for your answers 
Do not turn the page over, until you are asked to do so
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50.
A B D
I like Mohammed and Ali, but Mohammed, Ibrahim and Mustafa do not 
like me. Who do you think is my friend?
A. Mohammed
B. Ali
C. Ibrahim
D. Mustafa
We call people who spend too much
A. Generous
B. Extravagant (spendthrift)
C. Merciful
D. Wealthy
A  soldier wrote to his father from the battle field "I am writing 
this letter with a bomb in one hand and a pistol in another".
This statement is nonsense because:
A. The pistol in the soldier’s hand may explode.
B. He cannot write with the pistol.
C. He cannot write if his hands are busy.
D. It is possible that his father cannot read.
My trap is so small that it cannot hold any fat or tall animal. I 
have just found out that there is an animal in it. How do you think 
it is?
A. Tall
B. Fat
C. Tall and fat
D. Neither tall nor fat
We had planned to have either hot rice, apples, plums or chocolate 
for today, but have found out that there is no fruit, and at the same 
time we have no fuel. What do you think we are going to eat?
A. Hot rice C. Plums
B. Apples D. Chocolate
6. In a race, (x) was ahead of (z), (y) was ahead of (g), and (z) and 
(y) tied. Who won the race?
A. (x)
B. (z)
C. (y)
D .  ( g )
7. Before a person believes what he is told he needs:
A. Money
B. Speech
C. Explanation
D. Proof
8. The relationship between blood and arteries is like that between 
electricity and:
A. Wires
B. Generator
C. Current
D. Lamp
9. If I am quicker than Husain at running, and my speed is the same as 
Ali's, but less than Abbas1, who do you believe would win the race?
A. Husain
B. Abbas
C. Ali
D. I
10. If Salah’s father is the brother of Husain’s father, what is the 
relation between Salah and Husain? He is h i s :
A. Father
B. Uncle
C. Cousin
D. Brother
11. The word "martyrdom" means:
A. Courage in war
B. Resistance to the end
C. Voluntary martyrdom
D. Dying for a belief
12. The word "reveal" means:
A. Interpret
B. Yield
C. Exampling
D. Uncover
13. We describe the person who beats the others in a competition as:
A. Lucky
B. Quick
C. Winning
D. Strong
l U . The relationship between the first and one is like that between 
........  and four.
A. Third
B. Three
C . Four
D. The fourth
15. The relationship between the head and mouth is like that between the 
room and the:
A. Chair
B. Wall
C . Door
D. Table
16. Ahmad said "This man is a great scientist because he told me how to 
obtain sponge by saying that sponge is taken from the sea".
This saying is nonsense because:
A. This knowledge is not enough to indicate that he is a great 
scientist.
B. The man wanted to pretend that he is a scientist and in this 
way he suggested that he is a great scientist.
C. Ahmed said this because the man is his friend.
D. The m a n ’s knowledge about sponge indicates his ignorance.
17. Hind is taller than Fatima but she is shorter than Hissa, whereas 
Taiba is taller than Fatima. "Who is the shortest?
A. Hind
B. Fatima
C. Hissa
D. Taiba
18. If Jasem is a good-hearted man and Ganem is a man of long experience in 
life, who do you believe is more able to guide and instruct?
A. Jasem
B. Ganem
C. Both of them
D. Neither of them
19. The moon is more useful than the sun because the moon shines at night 
when we are in real need of light, whereas the sun shines during the 
day when we are not in need of light.
This statement is nonsense because:
A. When the moon appears the night is not dark.
B. The m oon’s light is not like the sun’s light.
C. On some nights the m oon’s light does not appear at all.
D. The sun is the real cause of light during the day.
20. A  man was ordered to pull a rope from the sea. When, after a long
time, he found out that he had not reached the end of the rope he
left it and said angrily "Someone must uave cut the end of the rope 
and taken it".
This statement is nonsense because:
A. He had to be more patient.
B. All ropes have ends.
C. If the end of the rope was cut it must certainly have an end.
D. He had better ask some other person to help him pull the rope.
21. A  man read the following advertisement: "Buy the Radio of Happiness,
which will save you half the amount of electricity". The man bought
two sets to save the whole amount.
This story is nonsense because:
A. Two radio sets consume more electricity than one set does.
B. He should have bought more than two sets.
C. The radio set consumes a big amount of electricity.
D. The sellers of the Radio of Happiness are trying to cheat 
people.
22. The relationship between the tree and the forest is like that between 
a man and a:
A. Woman
B. Government .
C. Farmer
D. Group
23. A  man advised his friend by saying "I hope that you would give up the
bad habit of smoking because smoke annoys me when I am with you".
This advice is nonsense because:
A. Smoke does not annoy many people.
B. The man is not concerned of his friend’s well being.
C. It seems that the man does not like smoking.
D. The man wanted to deceive his friend.
2b. Solon, the wiseman, used to compare the people to the sea and the 
speakers to the wind, because the sea remains calm unless it is 
moved by the wind. What is the sentence below that matches with 
the meaning of the earlier statement.
A. If the speakers do not move the people they will remain 
quite.
B. Capable speakers are the source of danger on the nation.
C. Speakers are puppets in the hands of the people.
D. Speakers are not responsible for the revolutions of the
people.
25. When you advise a person about something, you help him to avoid:
A. Anger
B. Agitation
C. Being cheated
D. Sadness
26. Cheese is made of:
A. Butter
B. Milk
C. Sour milk (Yogurt)
D. Cream
27. The relationship between the finger and the hand is like that of the 
eye to the: .
A. Head
B. Face
C. Eyelid
D. Eyelash
28. A  boy wished to go to the cinema, but has got no money. So he
thought that the best way to realise his wish was to enter the
cinema turning his back so that the ticket collector would think 
that he was going out of the cinema and would not ask him about the 
ticket.
This statement is nonsense because:
A. The ticket collector may notice that he is going in.
B. The boy was trying to cheat.
C. He cannot go in without a ticket.
D. He should have waited until he got some money.
29. If I am the one who arrived last, and will be the first to leave, and
two persons arrived before me, then how many persons will leave after
me?
A. Nobody
B. One
C. Two
D. Three
30. The relationship between the year and the spring is like that between ' 
life and:
A. Youth
B. Happiness
C. Gaiety
D. Success
31. The relationship between gentleman and person is like that between 
correctness and:
A. Opinion
B. Sincerity
C. Accuracy
D. Rightness
32. Hunters capture animals by using:
A. The gun
B. The arrow
C. The trap (the snare)
D. Poison
33. If a man does not like to be frustrated he must:
A. Be quiet
B. Travel far away
C. Be content
D. Confess
3l+. The relationship between the piano and the tune is like that between 
the pen and t h e :
A. Paper
B. Writing
C. Speech
D. Feather
35. This item is concerned with words that are almost similar in 
pronunciation but different in meaning. They can be similar to 
English words like: except, expect, accept. -
36. Complete the following series of numbers: -
1 -  2 -  5 “  11 -  12 -  1 5 -  21 -   ...........
A. 22 - 28
B. 26 - 30
C. 2 k  - 25
D. 22 - 25
37* The relationship between  ...... and kilogram is like that of
time and minutes.
A. Mass
B. Balance
C. One-thousand grams
D. Metre
38. 10 to 25 is as 12 to:
A. 2 k
B. 30
C. 1*5
D. 250
39* He was sure that the future would be different from what:
A. May occur
B. Will occur
C. Has occurred
D. Did not occur
1*0. This item is composed of a proverb followed by other proverbs. The 
student is asked to match one of the proverbs with the master one in 
the stem. These proverbs are related to Arabic history and culture.
1*1. The three men laughed and suddenly became quiet as soon as the eyes 
of each one met the eyes of the -two others.
This statement is nonsense because:
A. The three men were probably sitting at one side of the table.
B. They cannot help laughing when they look at the eyes of one 
another.
C. It is impossible for a pair of eyes to meet another two pair 
of eyes at the same time.
D. Eyes look, but do not meet.
1*2. 1/2 to 1/6 is as 2l* to:
A. 6
B. 8
C. 12
D. 1*8
1*3. Let our ideologies be whatever they are. People, in fact, know more
than what appears that they know, and they know about laws more than
they apply laws themselves.
Which sentence in the following corresponds exactly with the above 
statement.
A. He who knows the law will follow it.
B. Our actions are identical with our speech.
C. Our ideologies guide our actions.
D. WTe may do something that we know should not be done.
1*1*. Complete the following series of numbers:
5 ~ 10
A. 35 - 70
B. 21 - 1*2
C. ll* - 70
D. 1*1* - 76
1*5. Complete the following series of numbers: 
35 - 12 - 30 - ll* - 25 - 16 -
A. 20 - 1 8
B. 30 - 1 8
C. 20 - 15
D. 50 - 32
If you put 20 dots in a straight line marking the distance between 
the first one and the second 1 cm, the second and the third 2 cm, 
the third and the fourth 1 cm, the fourth and the five 2 cm, and so 
on, how many centimetres is the distance between the first dot and 
the last one.
A. 10 cm
B. 19 cm
C. 28 cm
D. 1*0 cm
The relationship between the rhombus and the square is like that 
between the .......... and the circle.
A. Oval
B. Cylinder
C. Core
D. Hexagon
There are exceptions to every rule, even this rule.
This statement is unreasonable because:
A. It is not a rule.
B. Some rules have no exceptions.
C. It is impossible for us to know what the exceptions are.
D. It has an inherent contradiction.
Hana is five years old. After three years her age will be double 
Hind’s age. So, Hind’s age now is:
A. One year
B. Three years
C. Four years
D. Not one of the above
50. The relationship, between water and a glass if like that between 
clothes and the:
A. Body
B. Tailor
C . Washing machine
D. Box
END OF THE TEST
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SPEED;
(1) A car moving in a straight line covered a distance of 60 Km (which 
is AB) in 3 seconds; then a distance of 1^5 Km (which is BC) in
5 seconds; lastly a distance of h2 Km (which is CD) in 2 seconds. 
Calculate; (l) The average speed of the car between A and B, 
between B and C, and between C and D.
(2) The average speed of the car between A and D.
(20 m/sec.; 29 m/sec.’; 21 m/sec.; 2k.J m/sec.)
(2) A tape timer, fixed to a moving body, was pulled through a ticket 
timer with a frequency of 10 dots/sec. If the distance between the 
1st point and the 21st was 15 cms., calculate the average speed of 
the body.
(7.5 cms/sec.)
(3) A train moved 225 Km between stations A and B. It stopped three 
times between the two stations for 5 minutes each time. It covered 
the distance between a station and another in half an hour. Find 
the average speed of the train.
(100 Km/h.)
(U) The following table represents the speed of a body in a given time. 
Draw the curve (speed-time) of the body's movement and describe the 
kind of movement of the body. Then find from the curve the distance 
covered in the U seconds and the average speed in the U seconds.
Time
(sec.) 1 2 3 k
Speed 
(m/min.) 5 5 5 5
(From the graph we see that the body moved at a uniform speed of 
5 m/sec. The distance is 20 m.)
* Solutions to these problems are in "AL MISBAH” BOOK ON THE SOLVING OF 
PHYSICS PROBLEMS. WRITTEN BY MISBAH M. HAJ-ISSA AND OTHERS - 
DAR AL QALAM, Kuwait, 1976
The following tahle shows the speed of a body at the end of H 
consecutive minutes. Draw the curve (speed-time), then find the 
distance from the beginning of the movement till the end of the 3rd 
second, and then calculate the average speed during this interval.
Time 
(mins.) 0 1 2 3 1+
Speed
(m/min.) 0 10 20 30 Ho
(From the graph we see that the distance = H5m; 15 m/min.)
The following table represents the speed of a body in a given time. 
Draw, from the table, the curve of speed-time and describe the kind 
of movement of the body. Then find its average speed between the 
1st and 6th seconds.
Time
(sec.)
0 1 2 3 H 5 6
Speed
(m/sec.)
HO Ho Ho 30 20 10 0
(With an uniform speed first, then with an uniform decreasing speed; 
2H m/sec.)
A traveller watched the indicator of the car speed at the end of 
every second during seven seconds from the beginning of the car’s 
movement. . He found the following:
Time 
(sec.)
0 1 2 3 H 5 6 7
Speed 
(m/sec.) 5 5 5 5 10 15
20 25
Draw the curve (speed-time) of the car’s movement in this interval, 
and then find: (l) The distance that the car covered.
(2) Its average speed.
(Distance = 75 m.' Average speed = 10.71 m/sec.)
VELOCITY:
(8) A train moved Eastwards for 15 seconds with a' speed of 60 m/min., 
then Southwards for a 1/3 of a minute at 90 m/min., and then it 
went 35° South-west for 5 seconds at a speed of 3.5 m/sec. Find 
the average velocity of the body and its average speed.
(l m/sec. South. 1.5 m/sec. approx.)
(9) A body moving at 60 Km/h. covered a distance of 60 Km. Eastwards.
It then turned Northwards at an angle of H50 and covered a distance 
of 30 Km. with a speed of U5 Km/h. It then turned Northwards 
covering 50 Km. with a speed of 150 Km/h. Find the average velocity 
of the body and its average speed.
(HOg Km/h. North-east. 70 Km/h.)
(10) In a race a horse ran H00 m. Eastwards in one minute; then 800 m.
Southwards in two minutes; then 900 m. Westwards in four minutes. 
Find the average speed and the average velocity of the horse.
(Average speed 5 m/sec. Average velocity 2,2b m/sec. with a 
direction of 32° South-west.)
(11) A car moved to the East at a speed of 20 m/sec. for five minutes; 
then at 15 m/sec. for four minutes towards the North-east. Find 
the average speed of the car and its average velocity.
(Average speed = 12.22 m/sec. Average velocity = 11.11 m/sec. in
the direction of 26° North-east from the first displacement.)
(12) A train covered a distance of H5 Km. with an average speed of
90 Km/h. towards the West. It stopped in a station for five minutes 
and then went 35° North-west covering a distance of Ho Km. in 30 
minutes. Find the average speed of the train and its average 
velocity.
(Average speed 21.8 m/sec. Average velocity 20.5 m/sec. with an 
angle 18° North-west.)
ACCELERATION:
(13) From the following table draw the curve of the movement of a body.
Time 
(sec.) 0 1 2 3 1+ 5
Speed 
(m/sec.) 0 10 20 30 1+0 50
(a) What is the kind of movement of the body?
(b) From the curve find:
(1) The increase in speed of the object in 1+ seconds.
(2) The increase'in speed of the object in 1 second.
(Movement is increasing uniformly. 1+0 m/sec. 10 m/sec.)
(ll+) The speed of a car moving in a certain direction was 20 m/sec. and
then its speed, after 5 seconds, became TO m/sec. If its 
acceleration is uniform, calculate it.
(10 m/sec.2)
(15) A body moved from rest with a uniform acceleration of 1+ m/sec.2 .
Find its speed after 10 seconds from the beginning of its movement,
(1+0 m/sec.)
(16)
(m/sec.)
80.
60.
20
Time
Speed 
n (m/sec.)
80
60 -
20
Time
80
60.
40
20
0
1 Speed
^  (m/sec.)
1
1
i
1 1
1 '
i !
J
1
1
1
1
1
1
»
1 1 
1 «
I I
i 1 Time
I1 — «— » >
1 2  3 4 (sec.)
From the above graphs of speed-time, find the acceleration at which
the body is moving in each case.
2 ?
(0. 20 m/sec. . -20 m/sec. )
(IT) The following table shows the speed of a body which moves in a 
straight line in the time intervals shown:
Time
(sec.) 0 1 2 3 1* 5
Speed 
(m/sec.) 10 20 30 kO 50 60
Find: (l) The acceleration at which the body moved between the
1st and 3rd seconds; between the 3rd and 5th seconds; 
and show its kind of movement.
(2) The average speed through the time interval shown in 
the table by using the graph.
(3) The mean speed of the body, comparing it with the 
average speed.
2 2
(10 m/sec. . 10 m/sec. . constant acceleration. 35 m/sec.
35 m/sec. they are equal in this case.)
(18) The speed of a car at a certain moment was travelling at 72 Km/h.,
and then its speed after 5 seconds became Uo m/sec. Find the
distance which the car covered through this interval, knowing that 
it moved at a uniform acceleration.
(150 m.)
2
(19) A body moved with a uniform acceleration of 3 cm/sec. . If its
speed was 50 cm/sec. at a certain moment, find the distance covered
in six seconds from that moment.
(35^ cm.)
2
(20) A body moved from rest with a uniform acceleration of 20 m/sec. . 
Find the time in which the body covered 25000 meters.
(50 sec.)
(21) The speed of a body at a certain moment was 10 m/sec. Find the
distance covered when its speed became 50 m/sec., knowing that it
2
moved in a uniform acceleration of 5 m/sec. .
(2^0 m.)
2
(22) A "body moved with a constant acceleration of 5 m/sec. , covering a
distance of 150 m. If the body’s speed at the end of the distance
was ^0 m/sec., find its speed at the beginning of the distance.
(10 m/sec.)
(23) A dirver of a train wanted to stop at a station; he used the brakes 
when the speed of the train was 50 m/sec. The train stopped after 
1/3 of a minutes. Find the deceleration of the train and the distance 
of the station from the place where he began using the brakes.
2
(-2.5 m/sec. . 500 m.)
(2U) The driver of a car, with a speed of 5^ Km/h., suddenly saw a child
crossing the road. He used the brakes. The car stopped after five 
seconds. Find the total stopping distance, if the thinking time of 
the driver was half a second.
(*+5 m.)
(25) A train moved with a uniform deceleration. If its speed at the 
beginning of deceleration was ^0 m/sec. and covered a distance of 
3200 m., find the magnitude of the train’s deceleration and the 
time it took to stop.
2(0.25 m/sec. . 160 sec.)
(26) A tape was pulled through a ticker timer by a mechanical carriage 
moving in an inclined plane. The ticker timer makes 50 dots/second. 
When a piece of the tape was taken with 12 dots on it, the distance 
between the first and the second dots was 0.5 cm., and the distance 
between the 11th and 12th dots was 1.5 cm. Find the acceleration 
that the carriage gained in moving along the inclined plane in this 
case.
(250 cm/sec.^)
(27) A body fell freely (with no initial speed) from a height of 80 m 
over the surface of the ground. Find the body's acceleration when 
it hit the ground, and the time taken in falling, given that the 
gravity acceleration was 10 m/sec.
(Uo m/sec. b sec.)
A body -was thrown upwards with a speed of 20 in/sec. Find the greatest 
height that it reached, and the time it took to come back to its 
starting point. Then find its speed as it came back.
(20 m. U sec. 20 m/sec.)
A body moved with an acceleration of 5 m / s e c . I f  the body’s speed 
after 3 of a minute from its starting point was 85 m/sec., find its 
initial speed and the distance covered through this interval.
(10 m/sec. 712.5 m.)
A car runs at a speed of 20 m/sec. When the driver used the brakes 
its deceleration was 5 m/sec.2. Find:
(1) The total distance it took to stop, taking the thinking time 
of the driver to be half a second.
(2) The required time for stopping.
(50 m. 1*.5 sec.)
A train moved with a speed of 56 m/sec. It stopped at a station 
after 8 seconds from the beginning by use of the brakes. Find the 
distance between the station and the place where the brakes were 
applied.
(22k m.)
A car moving with an uniform acceleration of 0.8 m/sec. went for 
10 seconds covering a distance of 200 m. Find its speed from the 
beginning of acceleration and find the speed at the end of the time 
interval.
(l6 m/sec. 2k m/sec.)
A ball was thrown upwards. It came back to the point from which it
was thrown in six seconds. Find:
(1) The greatest height it reached.
(2) Its initial speed, ignoring the resistance of the air and
knowing that the acceleration due to gravity is 9*8 m/sec.^.
(29.^ m/sec. distance kk,l m.)
(3^) A body was thrown upwards with a speed, of 20 m/sec. from a point on 
the ground. Find:
(1) The greatest height it reached.
(2) The time it needed to come back to the point it was thrown from.
(3) The speed at which it hit the ground.
(i|) The average speed at which it moved during the rise up (neglecting
the resistance of air and regarding g = 10 m/sec.
(20 m. U sec. 20 m/sec. 10 m/sec.)
FORCE AND M S S :
(35) Find the acceleration which a body of L0 Kgm. gains when a force of 
100 newton is exerted on it.
(10 m/sec.
(36) Find the force which, when exerted on a body of mass 10 Kgm., gives 
it an acceleration of 2 m/sec.2.
(20 newton)
(37) A force of ^0 newton, exerted on a body, gave it an acceleration of 
20 m / s e c . F i n d :  (l) The mass of the body.
2
(2) Its weight if g = 9*8 m/sec. .
(200 Kgm. i960 newton)
(38) A force of 20 newton, exerted on a body, gave it an acceleration of 
50 cm/sec.2. Find the magnitude of the force which, when exerted, on 
this body, gives it an acceleration of kO cm/sec.^.
(l6 newton)
(39) A force exerted on a body of mass 50 Kgm. gave it an acceleration 
of 0.5 m / s e c . F i n d  the mass of the body when the same force 
exerted on it moved in with an acceleration of 1 m/sec.2.
(25 Kgm.)
(1*0) A car weighing 15000 newton moved at a speed of 30 m/sec. When
braked, it stopped for half a minute after application of the brakes. 
Find the stopping force caused by the brakes and the its direction.
(1500 newton against the direction of moving)
APPENDIX fV ! 
EXPERT *S QUALIFICATIONS
EXPERT'S QUALIFICATIONS
The qualifications of each expert are:
© Professor in physics and head of physics department of 
Kuwait University, who participated in constructing the 
new physics curriculla in secondary schools in Kuwait, 
and participated in writing the textbook of physics 
for the first grade of secondary school, and who is 
experienced in programmed learning.
@ Professor in physics (visiting professor in Kuwait
University), who applied programmed material in some 
of his courses in the U.S.A.
© Professor in science education in Kuwait University
who wrote in some of his books about programmed learning, 
and participated in two researches about programmed 
learning, and revised one book translated by the 
candidate from English to Arabic.
© Lecturer in teaching method in Damascus University,
who has been actively involved in programmed learning 
and has constructed a number of programmed material 
programmes.
© Senior Inspector of science in secondary school, who
is specialist in physics, and participated in training 
teacher's physics on a new curriculum in Kuwait.
© Inspector of physics, who participated in constructing 
a new physics curriculum for secondary schools, and 
participated also in writing the physics textbook to 
the first grade of secondary schools.
Senior Teacher, who is the head of science department in 
one of the secondary schools in Kuwait and who has an 
experience in teaching physics for 14 years, and 
participated in writing the physics textbook to the 
first grade of secondary schools.
Teacher of physics who is experienced in teaching physics 
for 10 years.
Lecturer of physics, in London University, who is 
interested in using the computer for teaching physics.
